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DIERKS DAM AND RESERVOIR

SALINE RIVER, ARKANSAS

EMBANKMENT CRITERIA AND PERFORMANCE REPORT

PERTINENT DATA

LOCATION

Saline River mile 56.5, a tributary of the Little River, in Sevier and

Howard Counties, Arkansas.

AUTHORITY

Authorized by 'the Flood Control Act of 3 July 1958

TYPE OF PROJECT

Rockfill dam with compacted-impervious earth core, uncontrolled

spillway, outlet works, and supporting facilities.

DRAINAGE AREA.

j114 square miles

ELEVATIONS, AREAS AND STORAGES

: Elevation : Area Storage
Feature :(feetm.s.l.):(Acres):(Acre-feet):(inches)

Top of Dam 593.0 - - -

Maximum pool 587.9 5,400 : 221,600 : 36.45
Spillway crest 575.0 : 4,260 : 159,500 : PA.23
Top flood control pool 557.5 2,970 : 96,800 : 15.92
Top conservation pool : 526.0 1,360 : 29,700 : 4.88
Top inactive pool 512.0 : 810 : 14,600 : 2.40
Flood control storage : 526.0-557.5 - 67,100 : 11.04
Water supply storage : 512.0-526.0 - 15,100 : 2.48
50-year pool 564.5 3,440 119,100 : 19.59

SPILLWAY D.STIGN FLOOD

Pezk flow into full pool 210,000 c.f.s

Volume in full pool 206,900 acre-feet
Total runoff 34.03 inches
Peak flow, natural 202,000 c.f.s.

- Reservoir operational channel capacity 1,000 c.f.s.
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PERTINENT DATA (Cont.)

HYDRAULIC DESIGN DATA

Spillway
DischaLge at maximum pool 102,000 c.f.s.

Design head 12.9 feet
Outlet works

Discharge at maximum pool 2,640 c.f.s.

Discharge at top of flood control pool 2,370 c.f.s.
Discharge at top of conservation pool 1,980 c.f.s.

Low flow discharge at bottom of conservation pool 140 c.f.s.

STRUCTURES

Main dam

Type Rockfill with impervious earth core

Height

Maximum above streambed 153 feet

Average above valley floor 119 feet

Crest width 32 feet
Roadway width 24 feet

Length (main dam) 1,830 feet

Length (right embankment) 670 feet

Height (right embankment) 113 feet
Crest elevation 593 feet, m.s.l.

Spillway

Type Uncontrolled
Location Right Abutment

Width 780 feet
Crest elevation 575 feet, m.s.l.

Outlet works
Type Oblong conduit

Size 6 feet by 9 feet
Control 2-service, 2-emergency 3'-3" x 8'-0"

hydraulic slide gates
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1. INTRODUCTION

1.1 Purpose and Scope of Report. This report provides a summary record

of significant design, construction and operational data on the Dierks Dam and

Reservoir. It was prepared in accordance with ER 1110-2-1901, "Embankment

Criteria and Performance Report," dated 31 December 1981 and is for use by

engineers to familiarize themselves with the project, reevaluate the

embankment when needed, and for guidance in design of comparable future

projects. This report was prepared jointly by Grimes & Johnson, Inc. and

FGrubbs, Garner & Hoskyn, Inc., for the Soils and Materials Section, Little

Rock District, under the provisions of Contract No. DACW38-86-D-0070, Delivery

Order No, 0007.

The report presents a general description of the foundation conditions, type

of material and placement methods of the various sections of the embankment,

the design considerations on stability and seepage control, significant

operational events, and an evaluation of the condition of the embankment.

Pertinent drawings. design and construction data, and photos are also

4 included. More detailed descriptions of the foundation conditions are

contained in the Dierks Dam foundation reports: Part I - "Embankment

Foundation Grouting," dated April 1974, and Part III - "Embankment Foundation

and Spillway," dated September 1978.

1.2 Brief Description and Purpose of Project. Dierks Dam is located at

river mile 56.5 of the Saline River in Sevier and Howard Counties in west-

central Arkansas, a tributary of Little River. The dam and reservoir are

located about 5 miles northwest of the town of Dierks and about 66 miles north

of Texarkana, Arkansas.

The major structures include a 780-foot-wide uncontrolled spillway with weir

crest at elevation 575.0, a 670-foot-long right cmbankment located in a saddle

between the spillway and the hill forming the right abutment of the main

embankment, a 1,830-foot-long main embankment rising to a maximum of 153 feet

above the riverbed, and an outlet works consisting of a 6-foot by 9-foot

oblong reinforced concrete conduit controlled by two service and two emergency

JAW hydraulically operated slide gates. Other structures consist of an

administration and maintenance building, paint and oil storage building,

i 1



-gasoline pump and storage facilities, vehicle parking area, and public

overlook facilities.

The purpose of the project is flood control and other beneficial public uses,

which include water supply, recreation and fish and wildlife. The recreation

area, operated and maintained by the Corps of Engineers, provides facilities

year-round.

1.3 Project Authorization. The Dierks Dam and Reservoir project was

-authorized by the Flood Control Act approved 3 July 1958 (Public Law 85-500,

85th Congress, 2d Session). Related legislation included (a) House Document

No. 170, the report "Millwood Reservoir and Alternate Reservoirs, Little

River, Oklahoma and Arkansas," and (b) Public Law 87-88, which concerns

requirements of local cooperation by State or local interests with regard to

the water supply features of the project.

1.4 Project Construction History. Construction was initiated on the

right and left abutment access roads in June 1968 and completed in March 1972.

Construction of the main embankment, outlet works, spillway and project

buildings was initiated in June 1970 and completed in July 1975. The maximum

pool of record occurred on December 5, 1982, and reeched elevation 558.0 NGVD.

A summary of construction contracts for the entire project is contained on the

following page.
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LIST OF PROJECT CONTRACTS

CONTRACT NO. CONSTRUCTION FEATURE CONTRACT START COMPLETION
-- AMOUNT DATE DATE

DACW56-68-C-0235 Left Abutment Access $ 582,985 29 May 68 1 Mar 72
Road

Contractor: E. W. Blair, Inc., P.O. Box 450, Broken Bow, OK

- DACW56-70-C-0159 Embankment, Outlet $ 7,915,460 19 June 70 1i July 75
Works, Spillway &
Project Buildings

Contractor: Amis Construction Co., P. 0. Box 1871, Oklahoma City, OK 73104

DACW56-74-0066 Landscaping of $ 19,636 19 Oct 73 18 Dec 74
Project Bldg. Area

Contractor: Green Country Landscaping, P. 0. Box 605, Muskogee, OK

DACW56-75-C-0080 Public Use Areas $ 255,323 28 Feb 75 1 Mar 76
Stage I, Roads
and Parking

Contractor: AAA Excavating Company, 800 Arch Street, Little Rock, AR 72201

DACW56-75-C-0196 Public Use Areas $ 572,527 May 75 Feb 76

Stage I, Jefferson
Ridge & Blue Ridge

Contractor: W. R. Austin Const. Co., P. 0. Box 998, Shawnee, OK 74801

DACW56-76-C-0092 Public Use Areas $ 300,000 10 Jan 76 27 Oct 76
Downstream Horseshoe
Bend

Contractor: LaForge & Budd Const. Co., P. 0. Box 883, Parsons, KS 67357
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1.5 Periodic Inspections. In accordance with the requirements for

periodic inspection and continuing evaluation of completed civil works

structures, the following reports have been published for periodic inspections

performed on the embankment, spillway and outlet works at Dierks Dam and

Reservoir. They contain the problems developed after construction and

instrumentation data.

Periodic Inspection Report No. 1 November 1974

Periodic Inspection Report No. 2 February 1976

Periodic inspection Report No. 3 June 1977

?eriodic Inspection Report No. 4 November 1979

Periodic InspectioiL Report No. 5 April 1933

Periodic Inspection Report No. 6 March 1985

.eM
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2. G20OLOGY

2,1 Physiora hy. Dierks dam is situated on the Athens Plateau, a

dissected piedmont belt about 15 miles wide located between the Ouachita

Mountain region to the north and the Gulf Coastal Plain to the south. The

Saline River, which heads in the Cossatot Mountains to the north, flows

southerly across the Ouachita Mountain region to its confluence with Little

River about 30 miles downstream from the dam. Drainage in the area features a

trellis pattern and is expressed topographically by rugged east-west ridges

and valleys. These alternate ridges and valleys are a reflection of the

differential erosion of the soft and hard beds that comprise the foundation.

Only an occasional gap breaks the continuity of the ridges. The trunk streams

or consequent streams, such as the Saline River, presently flow in rather

crooked chanhels nearly coincident with their ancestral courses. The

ancestral courses were eroded into relatively soft Cretaceous formations but

subsequent erosion removed the Cretaceous, and the streams presently flow on

the underlying, upturned Paleozoic strata.

2.2 Overburden. Except for the alluvial material deposited in the flood

plain of the Saline River, there is very little overburden. The right (west)

abutment supports only the residual clay, sand, and sandstone boulders that

can be held in place by vegetation, and the left (east) abutment supports only

the residual materials that have accumulated between sandstone outcrops.

These deposits range from 2 to 10 feet in thickness and consist of weathered

sandstone fragments in a clayey sand matrix. The flood plain alluvium

averages about 29 feet in thickness and consists of sandy clay or clayey sand

overlying a heterogeneous mixture of weathered sandstone gravels, cobbles, and

boulders.

2.3 geological Formations. Three formations are exposed in the vicinity

of the dam. The Stanley shale (Mississippian age), which is about 6,000 feet

thick, consists of shale and interbedded sandstone, and outcrops a short

distance upstream of the dam. The Jackfork formation (Mississippian age) also

about 6,000 feet thick, consists of quartzitic sandstone and shale interbeds,

conformably overlies the Stanley, and forms the bedrock for the dam and

14 spillway. The Pike gravel member of the Trinity formation (Cretaceous age) is

comprised of gravel, sand, and clay and unconformably overlies the Jackfork



formation. Remnants of this member cap the hills and ridges a short distance

4 south and west of the dam. The Stanley and Jackfork formations, along with

the other pre-Cretaceous deposits in the Ouachita Mountain 7egion, have

undergone intense lateral compression resulting in a series of anticlinal and

synclinal folds. Evidence of this activity can be seen in the area to the

north of the dam. At the dam:site, the rocks strike northeast-southwest and

dip steeply to the south. There is no evidence of any significant faulting

within the damsite althouigh jointing is quite prominent in the hard sandstone

beds.

2.4 Stratigraphv. The Jackfork formation, which comprises the foundation

rock for the dam and the appurtenant structures, is interbedded sandstone,

shaly or argillaceous sandstone, and shale. The sandstone is hard to very

hard, light gray, highly quartizitic, and forms ridges up to 15 feet wide that

strike almost parallel to the dam axis. These ridges run the entire length of

the dam. In some places they form the upstream and/or downstream faces of the

cutoff trench. The shaly sandstone is hard, gray to dark gray, and includes

zones of shaly inclusions and partings. The shale is moderately hard,

slightly fissile, dark gray to black, with occasional thin sandstone seams.

Joints, frequently lined with crystals of quartz, calcite, or pyrite, were

found throughout the formation.

2.5 Foundation Structure. There was no evidence of faulting at the

damsite. This absence of faulting can be attributed to the presence of

interbeds of shale which can absorb the compressive stresses (crustal

shortening) by crumpling and shearing rather than rupturing. The strikes

observed in the general area were found to be quite variable, ranging from

about North 600 East to North 750 East. The dip of the rock varies from about

500 to 600 to the south. Because of the steep dip, any slight change in the

strike of the strata gives an abrupt change in the apparent dip in the

geologic sections. Investigation of the Jackfork sandstone outcrops at the

damsite revealed three joint sets. The principal set strikes about North 800

East, which is slightly oblique t thc strike of the rock, and dips 500 to

600 to the north. A secondary set strikes roughly North 100 West and dips

steeply to the west. The third set, less apparent than the other two, strikes

. about parallel to the bedding but dips no 4ierly. Jointing in the sandstone

beds adjacent to the river valley appears to have been affected by elastic
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rebound in that the joints are more open and partially rearranged. Jointing

was not prominent in the shale, but numerous slickensided planes found

throughout the shales give evidence of some differential adjustments, possibly

resulting from past regional tectonic activity.

2.6 Weathering. The foundation rock has been subjected to both chemical

and mechanical weathering. The chemical weathering has occurred by both

hydration and oxidation. Mechanical weathering, aided slightly by hydration

which produces a swelling that widens existing joints and fractures,, is

evident only at 2- to 3-foot depths. The weathered sandstones are generally

moderately hard, tan to rust-brown, with clay-lined, highly stained joints

throughout. The weathered shale beds are soft, tan to gray, highly stained,

and where highly weathered are sometimes completely altered to clay. The

bedrock comprising the abutments at the damsite is chemically weathered to a

depth of about 30 feet. Below 30 feet the rock is usually fresh except for

staining and minor rock softening adjacent to and on the joint surfaces.

Staining, primarily iron oxide, extends considerably deeper in the rock but

appears to be negligible below a depth of about 50 to 60 feet. As determined

from core borings, the joint staining appears to be the most prominent on the

steep right abutment. The rock in the flood plain is fresh except for the top

2 or 3 feet which i:; very slightly weathered.

2.7 Ground Water. Water occurs in the Jackfork formation in a free state

and is replenished by surface runoff and streamflow filtering into the

formation through open joints and fractures. The depth of the regional water

table was not established. The water table is tributary to the river at both

abutments of the main embankment. In the right embankment, artesian flow

occurred in several grout holes between stations 2+50 and 3+80 at depths of 28

to 76 feet. In the main embankment, artesian flow was encountered between

stations 18+90 and 20+25 at depths of 44 to 82 feet.

2.8 Characteristics of Bedrock. In addition to the bedrock characteris-

tics discussed in the preceding paragraphs, tests were made on a 6-inch rock

core taken in the spillway. On the basis of investigations before and during

construction, the foundation rock is considered adequate to support the

structure.
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2.9 Investigations. Tulsa District drilled six site selection borings

during January 1964. Later in 1964, and in 1965, and 1966, Fort Worth

District completed an additional 67 dam site borings and excavated 14 flood-

plain-test pits for design of the dam, spillway, and outlet'works. Nineteen of

these borings were drilled along the originally proposed dam axis, and eight

were drilled on or adjacent to the design dam axis, including 4 offset borings

for exploration of an unexpectedly deep bedrock interval in the floodplain

near Boring 169. The initially proposed controlled spillway, located in the

deep ravine right of the river, was explored with 12 borings. These borings

were drilled and a trench was excavated to bedrock-in the design spillway.

Two of these borings were drilled inclined 35 degrees from horizontal and

normal to bedding dip. Overburden was sampled with an auger and/or Denison

core barrel. Where the overburden could not be sampled due to gravelly and

cobbly material, the interval was penetrated with a rock bit. Test pits were

dug to provide soil samples and to determine top of rock, where practicable.

Hydraulic pressure tests were conducted in all NX-size borings, except boring

2C-20 and a few shallow holes along the axis of the outlet works. Electric

logs were made in selected borings to aid in correlation of bedrock strata.

Surface mapping was done to determine dip and strike of strata, joint

patterns, rock type, and rock conditions in outcrops and along the shallow

trench excavated in the design spillway. After 1966, 61 additional holes were

drilled, making a total of 141 borings. The majority of the additional holes

were drilled in the spillway-quarry area. The plans of borings for structures,

spillway and borrow areas are given on Plates 10 and 12. Geologic sections

with borings and water levels are shown on Plates 12 through 17. Logs of

overburden borings and test pits are shown on Plates 5 through 11.
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3. FOUNDATION AND ABUTMENT TREATMENT

3.1 Design Considerations.

3.1.1 Embankment. All overburden and loose, weathered material were

removed from the embankment areas, and a cutoff trench excavated to firm rock

in the abutments. In a few instances, where deeper weathering was

encountered, the excavation was planned to stop at 10 feet below the rock

line, in order to remove all severely weathered material to a satisfactory

foundation. The upstream slope of the cutoff trench coincided with the

downstream" dip of the rock. The downstream slope was planned as a 4 on 1

slope, but final slopes adjusted during construction to conform to other

geologic structures such as jointing. The proposed alignment of the trench

crossed various beds of sandstones and shales due .to the divergence between

the dam axis and strike of the rock. The cutoff trench alignment was adjusted

during construction, as limits of the impervious zone permitted, to take

advantage of the strike and dip of the rocks. A grout curtain was constructed

along the entire bottom length of the cutoff trench by means of grout holes

inclined upstream and drilled on a minimum of ten-foot centers. The degree of

angle was controlled so as to intersect the downstream dipping bedding plane,

normally. It was believed this plane would control the greatest amount of

grout movement and/or communication.

3.1.2 Spillway. The spillway contains generally the same bedrock

distribution and conditions as the embankment foundation, as it is essentially

on the strike of the formations. The excavation, though curved, is essentially

across the strike, with the rocks dipping in a downstream, southerly,

direction. The side slopes in the spillway were presplit 1OV on 1H with two

10-foot berms. Since the spillway excavation cuts across the strike, the

resulting side slope and dip of rock relation are favorable for stability.

Due to the orientation of the rock, controlled blasting and machine trimming

methods near final grade were required to produce a generally uniform surface.

The Curved alg~nments on the approach channel could not be excavated upstream

from Hole 23 since the cut paralleled the strike. Downstream from Hole 23,

the indicated alignment was followed and the 10-foot berm provided. Spillway

details are shown on Plate 22.
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3.1.3 Outlet Works.

(a) Foundation Conditions. The interbedded sandstone and

shale provides an adequate foundation for the outlet works structure, whereas

hard and competent sandstone underlie the gate tower. Unconfined compressive

strengths for this sandstone were considered similar to those values for the

same rock type at Gillham Dam which ranged from 2,500 psi for alternating

shale and sandstone beds to 8,666 psi for a hard, fine-grained sandstone. The

foundation grade for the intake structure, upper portion of the cut-and-cover

conduit, and stilling basin were in unweathered rock (see Plates 1 and 2).

The foundation grade at the axis of the dam and for about the last 200 feet of

the downstream end of the conduit approximated the top of rock. Therefore,

additional excavation of weathered zones was required to secure a suitable

foundation in these zones.

(b) Water Table. The water table along the centerline of the

outlet works varied from about elevation 445 at the upstream and downstream

ends to about elevation 470 at Station 18+60 (see Plates 5 through 9).

Although pump tests were not made, ground water inflow was expected to be

moderate, and conventional sump and pump methods were used.

(c) Excavation. The excavation grade along the centerline of

the outlet works is shown on Plate 1. The total depth of cut in the over-

burden and rock along the conduit will vary from about 20 to 32 feet. The

maximum cut occurred in the stilling basin area where the foundation grade is

39 feet below the original ground surface. Overburden excavation depths

varied from about 7 feet at the intake structure to about 34 feet near the

center of the conduit section. Rock excavation depths varied from about 2

feet at the downstream end of the conduit to about 22 feet at the stilling

basin end sill. Excavation below grade to firm rock and concrete backfill was

performed where top of rock was encountered at a lower elevation. The

excavation grade for the intake structure was about 17 feet below the top of

rock. Overburden cut slopes of IV on 3.5H, and rock cut slopes of 4V on IH

were selected.

Control blasting techniques, such as presplitting, smooth blasting, or cushion

blasting were used to minimize overbreakage and shattering in the sandstone
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__ and shale. The floor of the excavation broke out unevenly because of the

steep dip and interbedded nature of the rock. Hand grading was utilized for

the final cleanup and foundation preparation. From inspection of local

outcrops it was determined that the shales slake slowly when exposed to air.

Consequently, due to the low slaking potential of this compaction type clay

shale, and the predominance of sandstone, foundation protection was not

required. Permanent excavated slopes for the discharge channel were selected

to be 1V on 3.5H through overburden and 2V on 1H through rock with a 5-foot

bench at the top of rock.

3.2 Embankment Design.

3.2.1 Main Embankment. A typical section of the main embankment is

shown on Plates 1 and 28. The maximum height of the main embankmtnt is 153

feet. The embankment was designed with a 1-foot overbuild to compensate for

settlements during reservoir filling. The section is essentially symmetrical,

with a central impervious core and with random fill zones flanked by transi-

tion material and outer shell zones of rock fill. A 4-foot-thick inclined

Al filter is connected to a horizontal 6-foot thick select-rock drain at the base

of the downstream shell. The embankment was designed to make maximum use of

the materials from the required excavation of the spillway, supplemented where

necessary by borrow materials.

3.2.2 Right Embankment. The typical section for the right embankment

is shown on Plate 28. The maximum height of the embankment is 120 feet. The

set.tion consists of random fill zones, which were mainly a heterogeneous

mi -ure of all soils from the main embankment foundation excavation, with a

centrally-located impervious core. A select rock-fill zone was placed on the

upstream random fill to increase stability and to provide slope protection for

the embankment. Internal drainage was provided by a 3-foot-thick inclined

filter located on the downstream face of the impervious core which connects to

a 4-1/2-foot horizontal filter blanket under the downstream random fill shell.

The right embankment was designed with a 1-foot overbuild to compensate for

settlements during reservoir filling.

V I
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4. CONSTRUCTION PROCEDURES

4.1 Embankment Foundation.

4.1.1 Main Embankment.

(a) Soils Description. Profiles of the foundation soils are

presented in the sections shown on Plates 5 through 11. These sections indicate

that the main embankment overburden consisted of a surface layer of low

Lplasticity silts, sands, and sandy clays; interspersed with small quantities of

gravels, cobbles, and boulders. A heterogeneous mixture of gravels, cobbles,

and boulders with a silty to clayey matrix underlies the upper sand and clays.

The thickness of these deposits ranged from near zero on the abutments to a

maximum of about 35 feet at boring 169 in the flood plain. The average depth

of materials in the flood plain was about 20 feet.

(b) Treatment. Amis Construction Company of Oklahoma City,

Oklahoma, the prime contractor, began clearing the embankment area on 20 August

. 1970. Beginning 20 September 1970, all overburden materials were removed from

the foundation of the main embankment to provide a firm rock-to-rock contact for

the rock-fill shell zones. Unsuitable material was hauled to the designated waste

area or used to build haul roads. Suitable materials were stockpiled for later

use as random fill or filter material or were incorporated into the first stage

cofferdam. This excavation was accomplished with the use of 621 and 660

Caterpillar scrapers, 769 Caterpillar tail dumps, D-8 and D-9 Caterpillar dozers,

and 988 and 980 Caterpillar loaders. Treatment of the foundation rock was limited

to removal of all loose and highly weathered materials by blade cleaning outside

the limits of the random fill and impervious core zones. Treatment of the

foundation rock within the limits of the random fill and impervious core zones

consisted of removing all dirt and other loose and highly weathered material by

washing, air jet, or both. All open joints and fractures were cleaned and

covereJ or filled with cement mnor-t o' ti g,rout. The final cxcavated su -face

was protected by layers of unexcavated rock until just prior to final excavation,

cleanup, treatment, and fill placement.

4.1.2 Right Embankment. The depths of the foundation overburden
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material under the right embankment were generally shallow, ranging from 1 to

4 feet, and were composed of forest litter underlaid by a heterogeneous

residual soil (clay, sand, boulders, etc.). These overburden materials were

excavated and wasted. Treatment of the foundation rock under the impervious

core and random fill was the same as that for the main embankment impervious

core and random fill zones. The foundation rock under the downstream random

fill zone was blade cleaned.

4.2 Embankment Foundation Rock.

4.2.1 General. The discussion of rock excavation in this report

will be limited to the excavation within the the cutoff trench. Rock

excavation by drilling and blasting began on 2 December 1970 in the right

embankment. Rock excavation was required from station 0+00 to 2+60 to a depth

of 10 feet at centerline. The right abutment of the right embankment (station

0+00 to 2+60) sloped steeply upstream. Thus, to achieve a 10-foot cut along

centerline of the cutoff trench, it was necessary to excavate as much as 25

feet of rock along the downstream face. See Photograph No. 1 for a general

view of the trench excavation. The rock from station 2+60 to 3+80 was

considered fresh and firm. Rock was excavated from station 3+80 to 6+60 to a

depth of 6 to 10 feet at centerline. The left abutment of the right embank-

ment (station 3+80 to 6+60) sioped very steeply downstream. This required a

15- to 20-foot cut in the upstream face to achieve the desired 6- to 10-foot

cut at centerline. This also produced a very shallow cut on the downstream

face. Except for several narrow sandstone ridges, the small mass of rock

downstream of the presplit line was insufficient to contain the energy of the

presplit shot. Consequently, there was almost no downstream face in the cutoff

trench from station 3+80 to 6+60 (see Photograph No. 2). There was no cutoff

trench from station 6+60 to 9+00. Rock was excavated from station 9+00 to

12+00 to a depth of 10 feet measured at centerline (see Photographs Nos. 4 and

5). No cutoff trench was constructed from station 12+00 to 20+30. Rock was

excavated from station 20+30 to 27+00 to a depth of 6 to 10 feet at centerlilne

(see Photographs Nos. 12 through 18). All explosives used by Amis Construction

Company at this project were manufactured by the Atlas Powder Company.

4.2.2 PrespllttinA. To determine the best method of presplitting

the downstream face of the cutoff trench, a test section was designated from
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station 21+00 to 24+00. Within this area, from station 21+75 to 22+00, the

contractor elected to use Kleen-Kut and E-Cord to compare the results with

those obtained by the loading procedure outlined in the contract specifica-

tions. Holes 2-1/2 inches in diameter were drilled on 24-inch centers to a

depth of 6 feet. The holes from station 21+75 to 22+00 were each loaded with

one stick of Kleen-Kut 17 percent (1-i/8-inch by 36-inch) with a cap and

E-Cord downline. The holes in the control sections were each loaded with one

stick of Giant Gelatin 40 percent (1-1/4-inch by 8-inch) in the bottom and two

one-half sticks of Giant Gelatin hung on E-Cord on 12-inch centers above it.

All holes. were stemmed in the top 3 feet. Results of the test showed no

discernable difference in the face produced; therefore, the Contractor

continued to use Kleen-Kut because of the ease of loading. Typically, the

holes were drilled on 24-Inch centers and loaded with a continuous column of

Kleen-Kut to within 3 feet of the collar. The remaining 3 feet was stemmed.

Primary or excavation shot holes were 3-1/2 inches in diameter. The hole

spacing and loads varied with the lift thickness and competence of the rock.

Holes adjacent to the presplit line were loaded with one stick of Power Primer

75 percent (2 inches by 8 inches) in the bottom followed by one or more sticks

of Ammodyte 57 percent (2-1/2 inches by 16 inches). The amount of stemming in

holes less than 8 feet deep ranged from 2 feet to 4 feet. in the deeper holes

the depth of stemming approximately equaled the shorter dimension of the hole

spacing. Generally, the shallower holes were spaced 4 feet by 6 feet with the

spacing increasing with hole depth to a maximum of 7 feet by 11 feet. The

holes toward the center of a shot were usually loaded with one stick of Power

Primer in the bottom followed by ammonium nitrate blasting agent in the form

of prills. These holes were stemmed Jn the same manner as the holes loaded

with Ammodyte, Total quantities of explosives used for excavation of the

cutoff trench are shown in Table 4.2.2.
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TABLE 4.2.2

EXPLOSIVES SUMMARY

Trade Name .uantity_

Kleen-Kut (1-1/8 inches by 36 inches) 17 percent 1,028 pounds
Giant Gelatin (1-1/4 inches by 8 inches) 40 percent 223 pounds

Power Primer (2 inches by 8 inches) 75 percent 1,789 pounds
Ammodyte (2-1/2 inches by 16 inches) 57 percent 3,731 pounds
ANFO (ammonium nitrate prills) 9,475 pounds
Primacord 2,112 feet
E-Cord 7,701 feet

4.3 Foundation Preparation.

4.3.1 General. All foundation a7:eas to receive concrete, impervious

fill, or random fill required foundation pr~paration. Subsequent change orders

widened the foundation preparation under random fill zones, and in August 1972

the foundation preparation under random zones was limited to the 20 feet

immediately upstream and 15 feet immediately downstream of the impervious zone.

In those areas where the top of rock was considered to be top of firm rock,

foundation preparation directly followed overburden excavation. Where rock

excavation was necessary, it was carried to within 1 foot of final grade. The

final foundation was achieved by removing the large, loose, weathered rock with

a Poclain backhoe and a Caterpillar 966 rubber- tired loader. Then a labor crew

removed smaller rock with picks, shovels, and pry bars. Final cleanup was

achieved by using compressad air and water jets to blow off the remaining loose

material. This final cleanup was timed to immediately precede the placement of

concrete or earth fill. Generally, placement followed cleanup by less than 1

hour. The foundation was kept wet after the completion of cleanup until the

start of backfilling operations.

4.3.2 Foundation Protection Concrete. Several areas in the foundation

required the application of foundation protection concrete. Where open joints

or badly weathered thin shale seams occurred, they were cleaned to a depth twice

as great as their width. They were then filled with 3/4-inch aggregate concrete

and allowed to set before covering with fill. In several areas, large overhangs

existed in the downstream
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portion of the natural cutoff trench created by the weathering of a shale bed

between two more resistant sandstone beds. In one area the overhang was

backfilied with foundation protection concrete by forming the open side and

filling with high slump 3/4-inch concrete. In another area the overhang was

eliminated by ripping and dozing. The overhanging rock was sufficiently

jointed to allow its removal in this manner without disturbing the underlying

rock.

4.4 Grout Curtain.

4-.4.1 Drilling and Grouting. The drilling and grouting was

performed by the Judy Company, a subcontractor. The Judy Company began moving

equipment to the jobsite on 16 December 1970. Drilling and grouting began on 1

March 1971 and continued to 15 August 1971. Following diversion of the river

through the outlet works, drilling and grouting began again on 1 June 1972 and

was completed on 29 August 1972. Equipment used is listed in Table 4.4.1.

Photograph No. 3 shows grouting operations.

The grout curtain was formed by drilling and grouc.nL a single line of holes,

varying in depth from 50 to 100 feet, along the dam axis from station 0+00 to

27+00 (see Plates 39 through 42). Generally, the holes were angled 300

upstream to intersect the maximum number of bedding planes, which were dipping

downstream. The primary holes (20-foot centers) were drilled to full depth,

washed, pressure tested, and grouted in accordance with the "Stop Grouting,

Split Spacing '; method. Briefly, this method requires the holes to be drilled

to final depth and grouted by stops through a packer set at successively

shallower depths. The secondary holes were then located midway between the

previously drilled and grouted holes. This split spacing continued until the

holes were determined to be tight. Generally, a hole was considered tight if

it took less than 0.1 sacks of cement per foot.
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TABLE 4.4.1

GROUTING EQUIPMENT

Item Quantity

Chicago-Pneumatic 600 Air Compressor 1
Gardner-Denver 900 Air Compressor 1
Chicago-Pneumatic Airtrac Drill 1
Gardner-Denver Airtrac Drill 1
Atlas-Copco Airtrac Drill 1
Gardner-Denver Pump, 5'x 3' - 1/2' x 4' :1
Wilden Air Pump, 2-inch 1
Deming Air Pump, 3-inch 1
Trucks, 2-ton 2
Pickups, 1/2-ton 2
Parts Trailer 1
Assorted Valves, Gages, and Hoses

4.4.2 Difficulties Encountered. There were three areas of the grout

curtain which required special treatment.

(a) Area No. 1. The first area occurred between stations

16+75 and 19+00 (see Photograph No. 21 for excavation difficulties). From

about station 20+10 to 18+70 the dam axis falls between two of the resistant

sandstone ridges which strike almost parallel to the axis. At station 18+70

the axis intersects the toe of the steeply dipping sandstone bed which forms

the upstream face of this natural cutoff trench. The dam axis falls on this

dip slope face from station 18+70 to 17+25, at which point the top of the dip

slope is reached (see Photographs Nos. 23 through 26). It was not practical

to drill grout holes in this face; therefore, an overlap section was created.

This was done by moving the grout curtain gradually upstream from a point on

the centerline at station 16+80 to a point 12 feet upstream at station 17+80.

Likewise, the grout curtain was moved gradually downstream from a point on the

centerline at station 19+00 to a point 20 feet downstream at station 16+75.

This, in effect, created two lines of grouted holes approximately 20 feet

apart from station 16+75 to station 17+80 (see Plate 41).

(b) Area No. 2. The second problem occurred between stations

12+30 and 12+80. The slope of the right abutment presented a safety hazard to

the drilling operation. The subcontractor proposed to drill and grout this
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area-with two series of angle holes drilled from stations 12+30 and 12+80. The

subcontractor agreed to drill two holes at angles greater than the maximum

required by the specifications to assure complete grouting of this area. The

proposal:-was.accepted, and seven angle holes, ranging from 100 to 450 and 75

feet to 100 feet, were drilled and grouted (see Plate 40).

- (c) Area No. 3. The third area requiring special treatment

occurred between stations 6+60 and 9+00. The plans did not require a grout

curtain across the hill between the right embankment and the main embankment.

However, on the recommendation of the Foundations and Materials Section,

Southwestern Division, five holes were drilled on 40-foot centers from

stations 6+60 and 9+00. All these holes were tight and no further grouting

was deemed necessary in this area.

4.4.3 Conclusions on Grouting Effectiveness. The entire length of

the grout curtain for its full depth was pressure grouted to refusal, with a

very small quantity of grout lost through surface leaks. In areas where seeps

occurred in the foundation downstream of the centerline or artesian flow was

encountered during drilling, there was a noticeable relocation of seep. to

areas upstream of the grout curtain. This indicates the grout curtain has

intercepted ground-water flow. Subsequent high water retained by the

cofferdam produced no unusual increase in seepage downstream. These facts

indicate that the grout curtain is performing its design function.

4.5 Material Sources

4.5.1 Borrow Materials. Borrow soils for the embankment were obtained

from borrow area E located upstream of the axis and from areas located within

the limits of the conservation pool and outside of borrow area E, which was a

value-engineered proposal to the contract. Borrow area D was used as a source

of granular materials for the filter. Borrow area C, which was to be a source

of impervious borrow, but was not used. The investigation program and plan of

the borrow areas are shown on Plates 10 and ii. Chaeacteristics if ooil- in

borrow area E are contained in the following tabulation:
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Soil No. Samples Average Value
T_- Tested Liquid Limit Percent Fines

CL 8 31 60

ML-CL 3 19 60
ML 4 NP 61
SC 24 27 36

SM, SP 44 NP 33

CH 1 65 88

GC 18 32 17

GM, GP 3 NP 22

4.5.2 Filter Materials. Materials for the filter A were obtained

from selective excavation of the main embankment foundation and borrow area D.

The materials were then processed to the extent necessary to meet the specifi-

cations.

4.5.3 Rockfill and Transition Materials. The rockfill material was

obtained from the required spillway and approach channel excavations. Plate

17 defines the geologic quality of the in situ material. The select rock fill

was obtained from the better quality, least weathered material and was

processed over a 3-inch grizzly to insure drainage of the mass and to remove

poor quality materials. The minus-3-inch byproduct of the select rock was

used for transition. The random rock fill material came from any of the zones

except the most weathered. The original contract documents did not require

processing of the random rock fill materials; however, the quality of the

excavated material was so poor that the processing over a 3-inch grizzly was

required. The minus-3-inch byproduct was then used in the random fill zone of

the embankment.
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5. CONSTRUCTION CONTROL DATA

5.1 Construction Sequence. The general construction sequence was as

outlined below:

(a) Excavated Stage 1 diversion channel and constructed first stage

cofferdams. (See Plate 27 for details of first and second stage diversions.)

(b) Constructed outlet works and embankment within first stage

cofferdams to the minimum elevations and sections shown on Plate 26.

(c) Completed right embankment except upstream transition and select

rock sections prior to beginning second stage construction

(d) Removed first stage cofferdam and constructed second stage

diversion cofferdam.

(e) Constructed second stage cofferdam.

(f) Constructed remainder of main and right embankments.

5.2 Impervious Fill. The specifications required that the impervious

material consist of clays having a liquid limit of 25 or greater and a percent

fines of not less than 35. In addition, the materials were to be placed at 95

percent or greater of standard density as determined by the Rapid Method of

Compaction Control (Water Resources Technical Publication EM No. 26). The

moisture content was to be within minus-one and plus-three percentage points

of optimum. A summary of control tests performed on the impervious fill

materials placed in the embankment and reported in Monthly Summaries in

Appendix F is given below.

Parameter No. Tests Average High Low

% Comp. 203 99.5 106 94
Wf-Wo (%) 203 + 0.3 + 3.3 - 1.4
-200 Sieve (%) 46 49 77 21
LL (%) 43 34 64 25

Results of impervious fill density tests are plotted on Plates 18 through 21.

5.3 Random Fill. The specifications required a moisture content of plus

or minus three percentage points of optimum and 95 percent of standard

density.

2
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Parameter No. Tests Average Hi. Low

% Comp. 271 96.6 110 94
Wf-Wo (%) 271 - 0.5 + 3.1 - 3.4

Results of the above tests indicate the design requirements were achieved. The

random fill density test results are shown plotted on Plates 17 through 21.

5.4 Design Modifications.

5.4.1 Typical Section. The typical section as shown on Plate 28 is

the final section resulting after several modifications were made. The

sequence of modifications to the main embankment section is shown on Plate 29.

The original section had an upstream random fill zone 20-feet wide and a

downstream random fill zone only 15-feet wide; however, the quality of the

rock from the required excavation was so poor that the rockfill zones had to

be reduced and the screenings from the random rockfill were absorbed in the

enlarged random fill zones.

5.4.2 Filter. The specifications did not require a washing sequence

in the production of the filter materials. After some material was produced,

it became evident that the material would not function as a high capacity

drain. A change order was initiated in which the contractor blended 60

percent of the material from the foundation with 40 percent from borrow area D

to reduce the minus-200 material. The horizontal filter thickness below

elevation 490.0 in the right embankment was increased from 3 feet to 4.5 feet,

and above 490.0 the thickness was reduced to 2 feet. This change was made to

increase the capacity of the drain placed prior to the change order.

5.4.3 Select Rockfill. The spillway was excavated by systematic

drilling and blasting commencing in February 1971 and completed in May 1974.

The required excavation in the spillway was the primary source of rockfill

material for the embankment. The fresh, hard, unweathered sandstone was

processed to produce select rockfill by removing all minus 3-inch material.

The minus 3-inch material was placed in the transition zone. Softer, slightly

weathered sandstone meeting specifications for random rockfill was used as 4
quarry run. The portion of the remaining spillway excavation meeting
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-specifications for random rockfill was used as quarry run. The portion of the

remaining spillway excavation meeting specifications was used as random fill.

Materials unsuitable for zone placement were wasted or used to construct haul

roads.

5.4.4 Placement Quantities. The original design contained 1,890,000

cubic yards of compacted random rockfill, select rockfill, and transition

material. As a result of the embankment zoning revisions, the actual quantities

placed were as follows:

Select rockfill 328,059 cubic yards
Random rockfill 900,564 cubic yards
Transition material 223,757 cubic yards-

Total 1,452,380 cubic yards

5.4.5 Seepage During Construction. As shown on Plates I and 27, a random

rock fill cofferdam was incorporated into the upstream toe of the main

embankment. During construction, the pool rose against the cofferdam and seepage

occurred through the cofferdam and emerged downstream across a haul ramp. This

cofferdam was part of the second stage diversion as shown on plate 27. As a

result of the observed seepage, a modification was made to the main embankment

section which consisted of placing a five ft. thick blanket of impervious

material on the cofferdam upstream slope.

5.5 Embankment Stability.

5.5.1 Tests and Design Values. Tests were conducted on representa-

tive soils in the remolded state. The summary of soil shear strength data and

graphical presentations are contained in Appendices B through G. Test results

from test fills at Gillham Dam and Dierks Dam were used in determining the unit

weights and design shear strengths for the rock fills. The adopted design

strengths are shown in the following tabulation:

Adopted Design Data

Design Strengths
Saturated Submerged Q R S

Unit Weight Unit Weight 0 C 0 C 0 C
Materials (pcf) (pcf) (degrees)(tsf) (degrees)(tsf) (degrees)(tsf)

Select rock (1) 135 72.6 39 0 39 0 39 0
Random rock (1) 135 72.6 25 0.4 33 0 33 0
impervious 125 62.5 10 0.6 14 0.1 27 0
Random fill (1) 125 62.5 12 0.8 15 0.3 30 0
Transition 125 62.5 12 0.8 15 0.3 30 0
Filter 125 62.5 33 0 33 0 33 0

S0 - Angle of internal friction. C - cohesion.
(1) Material assumed to have 40 percent voids and a saturated surface

.-' dry unit weight of 105 pcf. .
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(2) Design shear strengths for the random rock fill zones were based on
test results for the minus No. 4 fraction of rock.

(3) Design shear strengths for the random fill zones were based on the
assumption that these zones would be entirely shale material. These
zones actually contain large percentages of sandstone fines and
plus 3/4-inch material. Therefore, the design values are conser-
vative.

5.5.2 Construction Control Record Shear Tests. The following summary

contains the results of tests performed as construction control samples from

the impervious and random fill zones, with six samples obtained from each

zone.

Shear tests on the record samples reflected strengths higher than

design values with the exception of the unconsolidated-undrained, Q, strengths

which were lower. The consolidated-undrained, R, tests on the random fill

record samples have not been completed since testing apparatus of sufficient

size to test material containing gravel was not available.

Construction Control Shear Tests

Rardom Material
Test Strength Design Strength

No. Type 0 C 0 C
Tests Test Degrees t.s.f. Degrees t.s.f.

6 Q 6" 0.4 12 0.8
6 S 30 0 30 0

Impervious Material
Test Strength Design Strength

No. Type 0 C 0 C
Tests Test Degrees t.s.f. Degrees t.s.f.

6 Q 6 0.6 10 0.6
5 R 17 0.5 14 0.1

5 S 31 0 27 0

"The random materials included minus-3-inch byproduct of the random rock and
were less plastic than originally designed. (Ref: Periodic Inspection Report

No. 1. November; 1974).

5.5.3 Procedures. The embankments were analyzed for stability using

the circle arc and wedge methods under conditions of end of construction,

partial pool, sudden drawdown, and steady seepage. The design analyses are

presented on Plates 30 through 33 for the right embankment and Plates 34

through 37 for the main embankment. The "Adopted" factors of safety for the
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main embankment, per Plates 34 through 37, were computed using the adopted

design shear strengths and the revised embankment configuration. This

reanalysis refined the original slope stability calculations in view of shear

strength values developed from the Gillham and Dierks Dam test fills. The

stability of the right embankment was not reanalyzed because the design

factors of safety were generally higher than those for the main embankment. In

addition to the above circle arc and wedge analyses,. the main embankment was

analyzed for the end of construction and steady seepage conditions by a

procedure outlined in an ASCE paper titled, "Rockfill Design - Carters Dam,"

by Robeson and Crisp, September 1966. This procedure, which basically

utilizes earth pressure theories, was believed to be more applicable to a

narrow core rockfill structure than those contained in EM 1110-2-1902. Results

of these analyses indicate the embankment will be stable for all design

conditiQns.

5.5.4 Results. The following tabulations indicate the safety factors

obtained fcr the most critical arcs.

4 Factors of Safety for Right Embankment Stability Analysis

Shear Strength Type of Safety Factor
Condition Analyzed Used Analysis Design Adopted

End of const., downstream (1) Q Arc 1.36 N/A
Partial pool R Arc 1.51 N/A
Sudden drawdown (2) R Arc 1.40 N/A
Steady seepage (3) R Arc 1.41 N/A

S Arc 1.89 N/A

(1) Results are for downstream slope which is more critical than the
upstream slope.

(2) Analysis for drawdown from maximum pool elevation, 587.9, to
conservation pool elevation 526.0. The select rock zone was
considered to be free draining.

(3) Analysis based on differential head between maximum water surface
elevation 587.9, and maximum tailwater elevation 451.0.
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Factors of Safety for Main Embankment Stability Analysis

Type of Type of Safety Factor

Condition Analyzed Shear Strength Analysis Design Adopted

End of Construction U.S. Q Arc 1.71 1.51
Partial Pool S,(R+S)/2 Arc 1.40 1.77

Sudden Drawdown R Arc 1.03 1.12
Steady Seepage S,(R+S)/2 Arc 1.37 1.63
End of Construction D.S. Q Arc 1.58 1.32

(1) Results are for the downstream slope which is more critical than
the upstream slope.

(2) Analysis for drawdown from maximum pool elevation 587.9, to
conservation pool elevation 526.0. The select rock zone was
considered to be free-draining.

(3) Analysis based on differential head between maximum pool
elevation 587.9, and maximum tailwater elevation 457.9.

5.5.5 Conclusion. Based on a comparison of test results of the

in-place materials with those used in design, the stability of the structure

is considered adequate.

25



6. INSTRUMENTATION

6.1 Surface Control Monuments. A total of thirty-two (32) embankment

surface monuments and seventeen (17) abutment control monuments were

established to monitor the embankment movements along eight lines of

monuments. The locations of the monuments are shown on Plate 4. Results of

alignment and settlement surveys are first reported in the seco'id periodic

inspection report. Movements observed were less than .05 feet and were well

within the accuracy of the survey techniques used. Subsequent readings through

the sixth periodic inspection report (March 1985) indicated decreasing amounts

of annual settlement, and insignificant amourts of horizontal movement.

6.2 Conduit Alignment Plugs. A total of sixty-four (64) plugs were

installed in the conduit invert, as shown on Plate 24. Damage to several of

the plugs occurred during construction and necessitated repair and reestab-

lishment of the initial survey in May 1975. A crack was noted at the crown of

the conduit during the second periodic inspection. Monolith joint 13-14 had

opened 1/2 inch, but the waterstop was still totally effective. Later periodic

A inspections indicated minor settlements only and generally satisfactory

condition of the conduit. Conduit alignment has not been run since the initial

alignment of May 1975 because the gates at the upstream end of the conduit do

not seal tight enough to decrease flow of water through the conduit enough to

take measurements on the plugs located on both sides of each monolith in the

conduit invert.

6.3 Bridge Alignment Plugs. Thirteen (13) alignment plugs were installed

on the gate tower and service bridge in June 1976, as shown on Plate 24. The

maximum settlement recorded by the sixth periodic inspection was approximately

.08 feet at the end of the bridge farthest from the gate tower. The maximum

deviation horizontally from a line of sight between centers of abutments is

approximately 0.15 inch. Movements o4 the service bridge are not considered

significant.

6.4 Pneumatic Pore Pressure Cells. Fourteen (14) nitrogen-gas-operated

pore-pressure transducers were installed in the embankment; however, the

_instrumentation malfunctioned and is not operating. Since these were installed

for the purpose of determining pore pressure buildup in the impervious core
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during construction, the loss of the cells does not affect the monitoring or

the safety of the structure.

6.5 Carlson Stress Cells. A total of twenty-six (26) Carlson stress

cells 'ere installed on or along the conduit as shown on Plate 43. Cell No.

23 did not function at the second periodic inspection. In addition, the

readings and resulting analysis of stress conditions strongly suggested that

some of the cell data was misunderstood or unreliable. By 1977 all Carlson

stress cells had ceased to function.

6v6 Seepage. The quantity of controlled seepage in the main embankment

increased from the first periodic inspection to the second. Seepage along the

stilling basin walls reported in the first report was stopped by plugging

selected drain holes in the upper part of the drop section. An appreciable

flow of clear water was noted coming from the right side toe drain. Observa-

ations for seepage through the sixth periodic inspection reported no apparent

problems from the seepage, though the clear water discharge from the right toe

drain continues. Some intermittent wet areas have been noted on the downstream

face coincident with a construction phase haul ramp. Significant seepage has

not been reported.

Observations of the right embankment continue to note flow in the paved

ditches along both abutments and at isolated locations near the base of the

downstream slope. The areas are for the most part seasonal and are considered

to be due primarily to rainfall infiltration. However, a small area of

perennial flow does exist in the right abutment paved ditch.

In summary, periodic inspections have indicated that seepage flow rates

are negligible and reflect a non-changing condition. Continued monitoring is

recommended.

6.7 Tnsnection Schedule. The schedule for monitoring this instrumentation

is contained in the "Operation and Maintenance Manual" dated January 1987.
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DIERKS DAM AND RESERVOIR
SALINE RIVER, ARKANSAS

EMBANKMENT CRITERIA AND PERFORMANCE REPORT

APPENDIX A - PHOTOGRAPHS

Page No. Photo. No. and Description

A-I Photo. No. 1. Cut-off trench in the rt. embankment from sta. 0+00
to 5+00. Skid-mounted grout pump is located in the ravine between
the truck and the compressor. Note excavation of the u/s face on
the dip slope. 28 Apr 71

A-i Photo. No. 2. Cut-off trench in rt. embankment from sta. 4+00 to
6+00. Note absence of a d/s face. 14 Jun 71

A-2 Photo. No. 3. Grout pump used on this contract. Mixing tank is
being charged. The mixed grout is emptied into the holding tank to
be pumped into the grout holes.

A-2 Photo. No. 4. Cut-off trench in the main embankment from sta. 9+00
to 11+50. Grout lines are being layed in the foreground. 10 Sep 71

A-3 Photo. No. 5. C. 0. T. from sta. 12+40 to 11+00 u/s face is
excavated on the dip slope. 26 Jan 73

A-3 Photo. No. 6. Cut-off trench from sta. 19+50 to 23+00. The deep
hole in foreground occurred as a result of stream erosion.
27 Sep 71

A-4 Photo. No. 7. D/s face of cut-off trench from sta. 19+50 to 19+70.
Face is very irregular as a result of differential erosion.
4 Oct 71

A-4 Photo. No. 8. Overall view of d/s face of C. 0. T. from sta. 19+50
to 19+70. 4 Oct 71

A-5 Photo. No. 9. U/s (dip slope) face of C. 0. T. from sta. 19+00 to
19+25. 4 Oct 71

A-5 Photo. No. 10. View along center line of C. 0. T. from sta. 19+00
to 19+25. Note alluvial fill behind skip box. 14 Oct 71

A-6 Photo. No. ii. Overhang in d/s face of C. 0. T. at sta. 19+00 being
cleaned prior to backfilling with concrete. 21 Oct 71

A-6 Photo. No. 12. Typical view of the cut-off trench from sta. 20+30

to 21+50. Note dip slope face u/s and absence of d/s face.
7 Oct 71

A-7 Photo. No. 10. 1/3 portion of the C. 0. T. from sLa. 21+25 to
22+00. Note presplit holes in the remaining portion of the d/s
face. 13 Nov 71

A-7 Photo. No. 14. C. 0. T. from sta. 21+00 to 23+00. Note grout hole
casings along center line. 13 Nov 71
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APPENDIX A - PHOTOGRAPHS
(continued)

Page No. Photo. No. and Description

A-8 Photo. No. 15, C. 0. T. from sta. 22+50 to 23+50. A deeper cut at
c'enter line results in a better defined d/s face. Note grout hole
casings along centerline. 26 Jan 72

A-8 Photo. No. 16. Typical view of C. 0. T. from sta. 23+00 to 24+50.
3 Feb 72

A-9 Photo. No. 17. Typical view of C. 0. T. from sta. 24+50 to 27+00.
10 May 72

A-9 Photo. No. 18. Dozer excavating shot rock from cut-off trench in
vicinity of sta. 26+00. 12 May 71

A-l0 Photo. No. 19. Clean-up of foundation along center line, sta. 18+00
to 14+50. Note dozer working in weathered shale seam on the left.
13 Apr 72

A-10 Photo. No. 20. Excavation of overburden and foundation clean-up for
impervious and downstream random zones. Note depth of weathered
shale seam. 13 Apr 72

A-i Photo. No. 21. Clean-up of foundation for upstream random fill zone
near sta. 17+50 to 18+50. Note overhand in downstream face.
17 Apr 72

A-I Photo. No. 22. D-9 Ripper removing rock overhang under upstream
random fill zone near sta. 17+50. 19 Apr 72

A-12 Photo. No. 23. Overall view of main embankment C. 0. T. Foreground
showns C. 0. T. from sta. 9+50 to 11+00 right center of photo shows
the natural C. 0. T. 26 May 72

A-12 Photo. No. 24. Foundation along center line from sta. 16+00 to
18+00. The upper line of grout holes in the overlap section occurs
where the men are standing. 4 Aug 72

A-13 Photo. No. 25. Natural C. 0. T. from sta. 18+00 to 19+00. Note
overhang to be removed in d/s face also the lower line of grout
holes in the overlap section occurs in this area. 27 Jul 72

A-13 Photo. No. 26. Overall view of the center line form sta. 15+00 to
18+50. Center line in the foreground falls in the water in the
lower left corner. Centerline in the background fall under the
dozer. 4 Aug 72

A-14 Photo. No. 27. Damsite, looking toward left abutment. Dec 70

A-15 Photo. No. 28. Construction of outlet works, looking downstream.
Jul 71

A-16 Photo. No. 29. Construction of outlet works and embankment, looking
downstream. Mar 72

A-17 Photo. No. 30. Main embankment construction, looking toward left
abutment. Jul 72
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APPENDIX A - PHOTOGRAPHS
(continued)

Page No. Photo. No. and Description

A-18 Photo. No. 31. Conduit being used for diversion while work
progresses on main embankment. Spillway excavation end right
embankment in background.

A-19 Photo. No. 32. Heavy rains caused flooding of construction site.
Lake elevation 512+/-. Apr 73

A-20 Photo. No. 33. Downstream view of gate tower construction. Oct 73

A-21 Photo. No. 34 Main embankment and outlet works essentially
complete. Work progressing on service bridge. Apr 74
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4-2-72. Photo. No.
Cut- 'tf trench in thc rt. e:f-ki 'rtiom Ste 0+00 to 5+00.

tru-_k- ani :~Cco.ipressor. lliote ex:anvation of nve u/s f a cc on,
the dip slpe

Photo. No. 2

C:-f5tr:,n--': in rt. from:.-n ~'~ ~j ~ G0'
aoscc ~ ad/s a.

A-1
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Groutnurn~Photo. No. 3
Theu Dum used on this contract, l'ixing tan), is beingv charged,Ther. x J groutZ is enM:zied t the hligtn ob uieinto the grou~t holes. ' a"-ob-pme

9-07 hoo o

Cu-f trnc intemi.e!i~ketfo t +0t 15.

Gr ut !i(-s rebe ng 1 y~**~ ' eW-*I-th oie v u

A-2*-



Photo. No. 5
1- 26-73
C. 0. T. from sta 12+40 to 11+00 u/s face is excavated on the
din slope.

Photo. No. 6

9-27-71
Cut-off trench from sta 19±50 to 23+,30. The deep h6lo in
foregrounec occurred as a result, of, struam,, ero.,ion.
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photo. No.7

Dis 1-7 fc of c toff trenc,- fi,or sta 19+0 to 1970. Face is verY

Photo. No. 8

10-L4-71 ec;C.Tfrmstaj+Oto970
Overali view of d/s faceo ... fo t 9~ o1+0

A- 4
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-Photo No. 9
10-4~-71
U/3 (dip Slope) fa~ce of 0.O.T. fr-om sta 19+00 to 19+25.

-- a

10 1 7 1Photo. c 10

View along center. line o!" C.0 T. from~ sa 19+00 La 19i 25.
Note alluvial fill behind ship box.

A-5



Photo. No. 11
10- 21- 711
over*,1 .,n: in d/s fa ce of C.O.T. at sta 19+00 bein F cleaned
prio.' ~ akilling with concrete.

10-7-71Photo. No. 12

Typl.a-I .'liew of the cut-off trench from~ sta 20±30 to 21+50.
No4te c slope face u/s and absence of dls face.

A-6



Photo. No. 1-
11-13-71
Dis Dor7:i.on ofI the C.0.T. from~ sta 21±25 to 22+00. Not1e
pres-):-: holes in heremain;ng por'tion olf the d/s face.

11-13-71 Photo. No. 14
C.0.T. from sta 21±00 to 23+00. Note grout hole casings
along center line.
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Photo. No. 15
1-26-72
C.0.T. 'rorn sta 22+50 to 23+50. A deeper~ cut at center line
results in a better defined d/s face Note grout hole casings
along ce:erline.

(;4

Photo. N o.1
2-3-7 2

Tvialvewo 007.fom sta 23+00 to 24;-i50.

Tvv~~~~calA 8~wo:C...



~Photo. No. 17
5-10-72
Typical view of C.O.T. from sza 24+50 to 27+00.

~P__

Photo_ No 18.

5-~ 12-1

Dozer s:-: avating shot rock froL: cut-o-ff tren~ch in vicinity of
sta 26-+130.

y
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Photo. No. 19
4-13-72)

Clean-" of foundation along cene ie t 80 o1+0

lote worivig in weathered shale seam on the left.

4j*~

Photo. No. 20

Excaatin ofoveburdn dd fondaion can-up for ilfperviOus

and dounstream random zones. Hote depth of weathered alsem

k-1
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Phfoto. No. 21
4-1-72
CDa-: of fovaIn rok oen under upstrze rnor fill
17±50 nar~-o sc ot ovr7n+-nd'u-re-rnf.

(IA
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Photo No. 23
5-26-72
Overall view of mnain embankment C.0.T. F-oneground shows C.O.TI.*
from sta 9+50 to 11t00 rLIeht. center of phozo shows the nntural C.0.T.

8-4-72Photo. No. 24

Foundation along center line from sta 16+00 to 18+00. The upper
line of grout holes in the overlap section occurs where the menl
are standing.

45A- 12



Photo. No. 25
7-27-72
Naturai C.0.T. -From ste. 18t00 to 19+00. Note overhang to be
removed in d/- :-ace a Isc the lower line of_. grout holes in -the

overiap section occurs in this area.

Photo. No. 26
8-4f-724 Overall view of the cent er line from sta 15+00 to 16+50. Center
line in the foreground falls in the water in the lower leftI

K_ corner. Centerline in the back~ground Fall under the dozer.

A- 13
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APPENDIX B

SWDED -GL REPORT NO. 11227

DATED 27 SEPTEMBER 1971



-S-O- STS ;AGE No. NO, OF PAGES
REQUEST FOR AND RESULTS OF TESTS I 41"

SECTION A-REQUEST FOR TESTTU-FM-72-5dated 18 & 27 Aug 71
I TO: (include ZIP Code) 2. FROM: (include ZIP Code)
Southwestern Division Laooratory Chief, Foundations & Materials Branch

U. S. Army Engineer Division, Southwestern U. S. Army Engineer District, Tulsa
-Corps of Engineers Corps of Engineers
4815 Cass Street P. 0. Box 61
Dallas, Texas 75235 Tulsa, Oklahoma 74102

3: PRIME CONTRACTOR AND ADDRESS (Include ZIP Code) 4. MANUFACTURING PLANT NAME AND ADDRESS (Include ZIP Code)

CONTRACT NUMBER ,,_ P. 0. NUMBER
5. END ITEM AND/OR PROJECT S. SAMPLE 7. LOT NO. 8. REASON FOR SUBMITTAL 9. DATE

NUMBER SUBMITTED

Dierks Dam

10. MATERIAL TO BE IOa. QUANTITY I , QUANTITY 12. SPEC. & AMEND AND/OR DRAWING NO & REV.
TESTED SUbMITTED REPRESENTED FOR SAMPLE & DATE

Borrow 8 Bag Samples

13. PURCHASED FROM OR SOURCE 14. SHIPMENT METHOD IS. DATE SAMPLED AND SUBMITTED BY

Test Fill and Quarry Gov't Vehicle

16. REMARKS AND/OR SPECIAL INSTRUCTIONS AND/OR WAIVERS.

Field No. SWD Lab No. Source Material

1 X-15010 Quarry Minus 3/4"

2 X-15011 Quarry Minus No. 4

f 3 X-15012 Test Fill, Panel 1 South End Minus 3/4"
4 X-15013 Test Fill, Panel 1 South End Minus No. 4

5 X-15014 Test Fill, Panel I Center Minus 3/4"
6 X-15015 Test Fill, Panel I Center Minus No. 4

7 X-15016 Test Fill, Panel I North End Minus 3/4"
8 X-15017 Test Fill, Panel 1 North End Minus No. 4

17 SEND REPORT OF TEST TO -

Tulsa Dist. 0.

SECTION B- RESULTS OF TEST (Cm,,,,ue on plain while paper If more space is requtrrd)
I. DATE SAMPLE RECEIVED 2. DATE RESULTS REPORTED 3. LAB REPORT NUMBER

20 August 1971 1 29 September 1971 1 SWDED-GL Report No. 11227
4 TEST PERFORMED RESULTS OF TEST SAMPLE RESULT REQUIREMENTS

See Test Data Summary (5 sheets) and Plates 1 - 35.

This completes requested testing.

DATE TYPED NAME AND TITLE OF PERSON CONDUCTING TEST SIGNAURE

HUGH E.I GARRISON
29 Sep 71 DiectorJ

Southwestern Division Laboratory "j -

DD FORM1222 REPLACES D FORM 1222. JUL 58. WHICH IS OBSOLETE
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2 4 6 8 10 12
NORMAL STReSS. a. T/SO FT

12 I tIi[II i
II SPECIMEN NO. -1 2 3 4

WAEROw.N. L 3 .0 13.0 13.0 13.0
DRY DENSITY

- -- - LB/ CuFT yd. 102 101 101 102
O'A SATURATOS 54 53 54 55

----- VOID RATIO e . 637 .661 .648 .635
WATER CONTENT. we

< DRY DENSITY Y
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0
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LL 35 1PL I.? P1Go 2 .9q }TYPE OF:SPECIM4EN R em o Idd TYPE" OF TEST

REMARK.S: -esT. PROJECT Dierks Dam'

ISAMPLE NO-. 50 1 1

D EPTN/E LEV

L.ABORATORY SbDATE SEP 7
ENG ORM O. ITRIAXIAL COMPRESSION TEST REPORT

*E UE17 2069 PRevious EDI7IN 1ISOBSOLETE TRANSLUCENT

Plate Nif. 13



--v --6--

-2

V)

121
SPCMNNO. 1 2 3 4

WATER CONTENT,% wuf5.6 15 .8 15,.0115.7
j RY OENSITY yd' 102 102 102 102
ILB/ CU FT

- SATURATION,% so 66 66 62 66
S 8 ---- LVOID RATIO e. 635 .637 .645 .637

WATER CONTENT, % r

13 1 1 < DRY DENSITY 4zL8BCU FT C___

w
Ix W SATURATION. %c

01

w> MINOR PRINCIPAL a3
STRESS. T,'SO FT __._1._ 3.0__.

IK'MAXIMUM DEVIATOR I~
STRESS. TISO FTJJ. 2-L __310 3.__-_2

-J---L TIME TO (0, 3 1 MIN jtf 22. 22 2-3 2q
0 UUIATE DEVIATR -0 1

S 10 IS STRES, IQ T g V~LV ___

AXIAL STRAIN, . TEST TIA DIAMETER. IN. .3.2.
CONTROLLED- TESaT I.%NITIAL HEIGHT. IN. 1.n. .

DESCRIPTION OF SPECIMENS CFQ Ne bRkfc Reniola1'ed (gog r-- y

LL -, PL IPI /7 10. 2.69 TYPgE or SPECIMEN FRemolded ITYPE OF TEST 0

REMARKS: PROJECT Dierks Dam

BORINO NO. ~. SAMPLE NO.X15 1

DEPTN/ELEV '
LABRAOR (DATE SEP .71

~ L......._____________________TRIAXIAL COMPRESSION TEST REPORT
EN0 FORM NO.

,,. REV JUNE 1970 209 PREVIOUS tDITION IS OfiSOLET!F TRANSLUCDIT

plate 14'~



tSWELD-GL Reoort // 2 -7

I..

4-

-w ---~

0
2 4 .6 8 10 12

3OMLSRS.o /OF

SPECIMEN NO. - 1 2 3 4
WATER CONTENT, % 10 19.0 18.9 L9 .0 18.9
DDNST yd. 102 101 102 102

C L/ CU FT
a ~ ~~I-so 7 80 0o i SATURATION. 7.so 0 7 0 8

S 2 --- VOIDORATIO e. G36 650 635 635
WATER CONTENT. 7.

OA< DRY DENSITY Y
LE)CU rT___

WW SATURATION. % .
S0

IIL VOID RATIO e.
0 1 w _ _ _

4 PRE SSURE. T/SO FT0

w MINOR PRINCIPAL
0STRESS. T.'SQ FT 03 . 5 1. 5 3 .0 .0

MAXIMUM DEVIATOR 
S9STRESS T/SQ FT 1- 3o 1.5 -LY-U .

TIMF TO '0, 171 .MIN j 23 2 22 23'
u 0 I ULTIMATE DEVIATOR 0-0)

10 1 0 STRESS .T SQ Fr ___ _______

AXIAL STRAIN, '..INITIAL DIAMETER, IN. o . 3 j.
CONTROLLED- S t r a i n TEST7 INITIAL HEIGHT. IN. N lo .9 .9 9
DESCRIPTION OF SPECIMENS Cloa S. ~~ A N b (5 C..) Rein lceaL....9012y, W

L 3,5 IPL 1--117 o2 .69 TYPE OF SPECIMEN Remold ed ITYPE OF TEST Q
REMARKS: IPROJECT IUierks D~am 4-

BONG NO. SAMPLE NO. X-15011

LABORATORY SWu DATE SP 7
FORM NO.TRIAXIAL COMPRESSION TEST REPORT

REV JUNE 1970 2069 PREV3OUS EDTION IS OBSOLETE TRAN(SLUCENT

plate ft. is-



SW'EiG PerESr t/I27

~21
TAd-.3

I-

4

w

2 4 6 8 10 12
NORMAL STRESS. 0. T/SQ FT

17 1 SPECIM.EN NO. -1 2 3 4

WATER CONTENT we 12.9 12.9 13.0 12.9
DR O'CENSITY Yd, 106 108 107 108

a SATURATION, S 60 63 62 62

VOID RATIO e 0.5751.554 .558 .554
WATER CONTENT. ,%

b ~ ORY DENSITY
w LB.'CU FT ____

W SATURATION. S

00

c3 E rINAL BACK U
PRESSURE. T/SQ FT 0

>MINOR PRINCIPAL - -

0 ~~~~STRESS. T/SO FT 5 1. 30 uu

MI'3 22 2qL 2L
I ULTIMATE DEVIATOR ~

AXIAL STRAIN. 4. INTA IMTq N , . . . .

CONTROLLED- S tra int TEST 1IITIAL E..HT. IN. mo 2 .9 2,.9 2 .9 2 .9

DESCRIPTION OF SPECIMENS

LL .5 PL e PIF /Z I~ 2 .69 TYPE OrSPECIMEN Remo FTS Q

REMARK~S'.e: PROJECT ]ierks Dam 71

I CRING NO. ISAMPLE NO- X15011
DE PT N/EL EV

LABORATORY SWI) IOATE SE''p
TRIAXIAL COMPRESSION TEST REPORT

EG FORM NO.0 2W69 PROLVIOViS CDITION IS OBSOLETE TRANlSLUCENT
PIatNLI 4



'MW)ED-Gl- Petmrt //9227

-C /S

OMIer

TA A -2
%L-- 

--4I

(LI

2 4 NORMAL iTRES . 0. 1 /SO FT 8 10 12

12SPECIMEN NO. -1 2 3 4
WATER CONTENT* o 15.5 15.5 15.6 15.5

DRDNIYd. 107 108 106 107
tL LB/ CU FT

VI~SATURATION. so~ 74 76 73 74
'~8 VOID RATIO eo .562 548 570 .560

WATER CONTENT.% w

SDRY DENSITY Yw
VI ~ LB/cu FT

x I V. I Iw TATURATION. %c

z + VOID RATIO ec
- IFINAL BACK u< 4kIPRESSURE. T/SQ FT 0

w jAMINOR PRINCIPAL 03 ~ ~ f -
STRESS. T/SQ FT .5 1.L30 J
MAXIMUM DEVIATOR (17 - ~ all ~

It ---- TIME TO tO 1 -0,?) .MON Ii /7 21 2,3 23
U ULTIMATE DEVIATOR -IS 1 1 20 STPESS, T Sq FT_____ 

___,

AXIAL STRAIN. .%INITIAL DIA~METER, IN..01 3 1 4 1.4 1 4

CONTROLLED. Strain TEST INITIAL HEIGNT. IN. N0 2.9 3 .0 2 .9 13.*0
DSRPINOF SPECIMENS CQoj A N b (ReLnio/dec (9 57f, w

LL .33 PL L- 1 /7 1-2 .69 TYPEO0FSPECIMENRP nnr-,;TEOFES

REMARKS: erPROJECT Dierks Dam :21 57

13ORING NO. /~.rISAMPLE NO. X- 1 01 1

DEPTH/ELEV

LABORATORY Sw TA 1 ATE SEP 71
TRIAXIAL COMPRESSION TEST REPORT

ENG FORM NO.
EVJN 1902M69 PREVIOUS EDITION 1S OBSOLETE TRANSLUCENT

Plate No. 17



SWDF.:D-GL Report /22 -7

2 - ---

3 
1~- 22

3 ~~~SPECIMEN ,

WATER CONTENT, % w~18.9 18.9 19.2 19.2
.( LB/ CU FT 1) 107 10 16 17

SATURATION. S, 91 92 89, 9
f 1 2 VOID RATIO .558 553 .576 .567

IWATER CONTENT,t % W

A, < DRY DENSITY dSL'CU FT ___
w 

W SATURATION. Sc

V~ VID PATIO c
0 c IFIN AL BACXT uoPSSURE T/SO FT________

STES .SQ TL .5 1.5 301.
MAXIMUM DEVIATOR 0 I t I7

TINE TO (0,-~ NNi 23 23 2
U ULTIMATE DEVAO (0'-

5I015 2 STRESS, T SP__ F_____ ___

AXIAL STRAIN. INITIAL DIANETFZR IN 0O.4 1.4 .
CONTROLLEC- S tr a in TEST INITIALNHEIGHT. IN. N.1 2.9 13.0 2 .9 2 .9

LL .S PL pi P1 7 1- 2.60 TYPE OFSPECNNRwle YEFE

RLAR3.PROJECT iuierks iOam 49

BORING NO. - SAM-PLE NO. X-15011

LABORATORY c 1 DATE SEP 71
TRIAXIAL COMPRESSION TEST REPORT

E'NO FOR 0 NO 6 PREVIOUS EDITION 15 OBSOLETE TRANSLUCENT
REVjUN 170 089Plte N .1



ZWDED.GL Retnort //2 2 7

--

2 2 NeMA STE.0 T/39 I 8 10T 211

122 7

-q- -

2 NORMA TRTI e1 .538 FT 5410 .56 125 . 5

e I F ~WATER CONTENT. % wo 2 9. 2 9.
j Dr- DENSITY .

1.0LaCU FT 10 0C171

W SATURATION. S,1 4 4 4 4

~VOID RATIO e. 5 8 40 5 6
WATER_ _ CO TE T_%

PREwSSTURETC. T/QPT___

MIO FINIPAL

0STRESS. T,'SO FT .5 1 .5 3 0 6.
MAXIMUM DEVI ATOR 10 a C .i

STRESS T/S FT-Z5q

AXIAL SRAIN. ~ULTIMATE DEVIATOR 10, - 3 1
AXA TAN .INITIAL DIAMETER, IN. 001 3 1.

CONTROLLED. S ra Il TEST INITIAL HEIGHT. IN. 2 I1.I2. 2 .9

DESCRIPTION OFSPECIMENS C~c:e!( t' LS3 c- ~ ~ Pepde (gp% 7. I-3...

-L 2 p-1 I l2.6 TP OF SPECIMEN TYP 1dE OF TEST Q
REMARKS: PROJECT Dierks Uamo%

IEORINrNo. Test f ill 1SAMPLENOX15 01 7C

DEPT HfEL EV

LABORATORY Sw WAT SEi7

TRIAXIAL COMPRESSION TEST REPORT
ENO FORN NO.

REV JUNE 1970 2069 PREVIOUS CDITION IS OBSOLETE 'TRANSLUCENTpat .s3



SWDED-GL Report 7- 7

AI-

DE

4

2 4 NORMAL STRESq. T/OF 8 10 12

12SEIE-O 1 .2 3 4
WATER__CONTENT. % 12.0 111.8 11.7 11.8

-DRY DENSITY yd' 105 107 109 108I'- LB/ CU FT

0 SATURATION. %. S, 54 57 9 5

8 f VOID RATIO E.587 .550 .527 .535
IX WATER CONTENT. ' c

A DRY DENSITY Y
x LB CU FT

W9 SATURATION, Sc

14 VOID RATIO ec
03 [FIN-AL BACK u0

1PRESSURE. T/SQ FT 0

> t -klI- MINOR PRINCIPAL a, .5 1.5 3.0 6.0IL A STRESS. T/SQ FT ___

MAXIMUM DEV IATOR I O4073) 30 'o
SRStTS0FT 

3
AX I. __3_S_5_2_-8

TIME TO (0, -13 .MIN Ii 21 Zq 2

to is 2 STRESS, T'S FT __ ____ ___

AXIAL STRAIN, d,% INITIAL DIAMETER. IN o1.*3 1 . 3 1 . 3 1 .3

CONTROLLED- S train TEST INITIAL HEIGHT. IN2.9 2 91-97t.0

DESCRIPTION O SPECIMENS /W 17q~A\~('c'C1 a L 5AN b rl (go/ 2f'

LL 2A 1.5 / - ? ,2 TYPE OFspecII.E Remol1dod TYEOFTS

REMARKS: PROJECT Dierks Damn

jBORING NO. Fe3I {) SAMPLE NO. X-15017C
DEPTH/ELEV

LABORATORY SW) DA EP

ENO ITRIAXIAL COMPRESSION TEST REPORT
',N FORM NO 20m9 PRE!VtOUS loITIO SOSLT RNSUEptM.2

REV JUNE 1970 IM1 8LEZ TASUETpae .20



SA/!ED.GL' Reciort / 2 2.7

C l T/1

TA q

WAECNT * w15 14.9 15 15. Y

2O RE&T d. 10S 10 10 10

IL I- LB/ CU FT_ _ _IL75 74 7 71SATURATION. %S, 
___

I- 2 VOID RATIO e 539 .538 .54 .54C

WATER CONTENT. wc

I- 0

A ODRATO SWI

TRA-A COP-SO TES -RL-STESOT F
M A LU EI TO-7'F



~/-GL: Report 112Z7

IL

4

1--

2 - -

- - - - - -

4NORMAL STRES . 0, T/30 FT 810 12

SPCME O. -1 2 3 4
WATER CONTENT, % w0 9 .4 9 .1 9.0 9 .1
LO!YOENSFTY 114 113 114 114

SATU RATION.s 54 52 52 52
VOID__RATIO _ e~ 462 .468 .463 .467
WATER CONTENT. % W

' DRY ENSITY yA
x.3 LB./CU FT ____
v)
w, SATURATION,.S

0 e
1- 4 IFINAL 13ACK
<PRESSURE. T/SO FT 1wMINOR PRINCIPAL .015 3.3'

0 STRESS. T/SO FT .5 _15_ 3._6.
MAXIMUM DEVIATOR a0 IY L I 1 (.O _ _
S T R E S S T4 .F T 0_ _ _ ZI ,_7 0_ _-3 7 _

TIETO (0, MI tf 2 I 21 2
7 10 S LTIMATE DEVIATOR I10 i 0 STRESS, T .50 FT I I

AXIAL STRAIN. t INITIAL DIAMSTER. IN. 0.a 1 .4 14 1 .4 1.4
CONTROLLED- Strain TEST INITIAL NEIGNT. IN. . 9 12.9 _2.9 2 .9
DESCRIPTION OF SPECIMENS C(o et 5 A N , ('5 -) Rm (95-% r w- 3) --

LL 2q1 7 F 7P 15 1.1 1 2 .68 1fTYPE OF SPECIMEN IR emi 1 d edI TYPE OF TEST

REMARXS: jPROJECT uiierks vain

BORING NO. 7 . f SAMPLE NO. A.-1501 7C
OEPTN/EL EV

LABORATORY sw- ATlE SEP 7 1
TRIAXIAL COMPRESSION TEST REPORT

ORM JUE17028 PREVIOUS EDITION IS OLETE TRANSLUCEN~T
Plate .



"WDUW-GL Repo~rt /2 2 -7

I-I

'J'b

2 4 6OML ~ F 10 12

1ETSPECIMEN NO. -1 2 3 4
WATER CONTENT.~ , 191. 171.------ 11912111. 1148

JDRY DENSITY d'115 I115 14LB/ CU FT

0 SATURATION, so 71 72 70 69
VOID RATIO

WATER CONTENT. 1 wc

< DRY DENSITY
X 1-9. CU FTC

a: w SATURATION, -1 s

LJ-U VOID RATIO ec
I FINAL BACK) ~~PRESSURE. T/SQ FT _________

MIOPICPL0 .5 1.5 3 .0 6 .0
STRESS. T,'SO FT____

MAXIMUM DEVIAT OR

TIME TO (0, -Y4 MIN [ /7XL 23 2-3 _____

4ULTIMATE DEVIATOR fat-0,

AXIAL STRAIN, INITIAL OIAMETZ'I IN. DO 1.*3 1 . 3 1 .3 11.3
fN3 0 3. 3.0I

CONTROLLED- S train TEST INITIAL HEIGHT, IN. ma - 3. 0
DFSCIRIPTION OF SPECImZNS

iLL 214 PL _1.5 9j. 2 6 ( iITYPE OF? SPECIMEN Rmle YE~

DEPTH/EL eV

LAeORATORt s wJ)DATE -SEP
TRIAAIAL COMPRESSION TEST REPORT

ENO FORM N.
REV JUNIE 1970 2069 PREVIOUS COITION IS O8SOLtTE 7RANSLUCENT teN 3



SWDED-GL Reprt /1122.-7

-4

-2

0
2 NORMAL STRCSq, 0,TS FT8101

3
5PECIMtN NO. *1j 2 3__ 4

WATER CONTENT.% W. 15 .3 115.2 15.1 115.3
DRY DENSITY yd0  1 1 111
LB/ __ _ CU FT1 4 115 j 5 1

SSATURATION. %. so 9 90 90 8
' 2 VOID RATIO e, .455 .452 .448 .460

WATER CONTENT. W

L S P R S U E , S F T

W1 SATURATION. 14 S c___ ___

I-w INALPRBCKL ~ 3 . . . .
0 STRESS RE SO FT ____

MAXIMUM DEVIATOR (or all) .~ 2~ 2
STRESS, T/SO CT 1. q 1.2 2 X-

TIME TO W, MNI o 3 z3 2
Eff. ULTI;IATEOEI 2. I t O 3 23 2

0- 5 o 15 2 STRESS, T DEVITO I

AXIAL STRAIN, %INITIAL DIAMETER. IN. D~1 . 4 1 .4 1 . 4 1 .4
CONTROLLED- SIt r ain TEST INITIAL HEIGHT. IN. 3 3.0 3.0 2 .9 2 .9
DESCRIPTION OF SPECIMENS q,-oled .9 107V r~( .

.... Refilt:ded I - -

RCMARIKS: PROJREJCT Dierks Dam SA4LM.X107

....e RIHG-O kPQE40 X-150 ______

0CPTH/CLXt

LAORTOY w _DATE SEP
TRIAXIAL COMPPESSION TE5ST RPTORT

EEO JOUN 197 PkIEVIOUS XCITION IS ObIOLCTI! TRAASLUCENT ae1t 2



SiucDGL Report /zz.Z

vr I I : :............ 00.. 00

t I/ :U FTI

0~ j4  ILL.2Li :, , , ¢O DAIN M t K

SHA NORMALARMTES . * S TRES.e, /S t

V1 I '  _ -7 1 2 3 __

I ~ foNTcr 13.(KS

UlII
[OtY NIY t ["101

7-. "' 4.. 1 1 o^4 W +.

04~ ~ ~~~1 1. 0. OSOD1CN f

0cOMTQ WA 2 4 6 4 io 1

SHEARAA SSTEEGTH PAR.MEE

~~'=~ 30 -3 .

WATERCONTECT EAR T RE1 3

SATVRAS. t/. FT % .8 34

~ . . .. 5 .T . CUM DRY~ Ocs ,7

SRS 10/5001

tNG ~ ~ ~ ~ ~ ~ -1 PAVIM AfTER o-'4''.LTE:-

TYPE ~PSPEC~M EN R9cm olded goX ~r1 W-3) 3.0 NSOJTR FOPe .PERCEN

0ISIICrO C/a 0.2 0.3S A O 5 ( c 10,0AIN MIN__

SHEAREC STRENGT PARATETERSX
SAWATIO POR 209 (E 910-.t96

JJN ?f36"U OI TRESS , AEost (R N UC T) O66 .0 6 . 4 LTE



SWDED-GL Report 112,v7

L.I I :- -j jI

a4

2- 2-I

2 4- 6 8 12

NOMA STRESS, T/S FT.

WAE CONEN ::. 161 15. 9%

00

DROENT 16.1% 15.9 1

- .VOID RATIOFE

CONSATIDATION S

CONSOLIDATION, I

HORIZ. DEFORMATION, IN. WATER CONTENT w, 18.6% 16.59r

SH'EAR STRENGTH PARAMETERS VI AI

f0 SATURATION St c/v
NORMAL STRESS, 6.0 16.0

TAN ~. ~?/SO FT [
TA .7MAXIMUM SHEAR 3.64 3. 24

STRESS, T/SO FT 7

c Q,0 Q T/SO FT ACTUAL TIME TO 4r 4260 3150
FAILURE. MN

ICONTROLLED SNkESS RATE OF STRAIN. IN./MJN . 0031 . 0001

CONTROLLED STAI ULTIMATE SHEAR
STRESS, T/50 FT

TYPE OF SPECIMEN Remiolded (go~ w). r 3.0 IN. SQUIARE .5 IN. THICK

CL SIFICATION Clayeg SAND (Sc) ___________________

EL 3 PL / 1 P1 j7 G.

REMA~rS PROJECT DIERKS DAIM

AREA90,7

[ ______________________________DIRECT SHEAR TEST REPORT
ING FORM (e1 11210)PEKU oTOSAEOStT P,0#0-1-PAEI-
I JUNj u 2092 &' iI-.:o EVUSETISAEOROT (TRANSLUCENT) Tl'atp, No. PAEI~



. - .. SWDED-GL ReOM 1/227

..... ~. ..

I . tit....6 .d44!-: !: ! olf t_!, -,. 1, 4 ,,, v! .! 1

8 4 4 6 8 0 2

':-.. ...: ::: iio' ..o

*K j

.q - ' -2

0.|0 2 4 6 8 10 12

- : 7 " 
N O RM A L STRESS, a,"T/S. FT

k' TEST NO. 1 2 3

- WATER CONTET T.8 8.7

S VOD ,RATIO8 0 1

SAURATION S. 0 % %

a .3-. RY "ENS". -Y 102 102

o D VOID RATIO AFT R

CLSj CTO COlOUDeIg eA D S,

0 0.102 0304 ~ TIME FOR 30 PfRCENT

. 0CONSOIDATION MN . S
HORIZ. DEFORMATION. IM. WATER CON4TENT 19.1% 17.4% %

SHEAR sRENTH PARAMETERSVO

NOMA STRESS, 6.0 6.0T/So 1 7 _____ _____

TAN AMAXIMUM $HEAR 3.11 3 . 0 '6
STRESS, F/SO fl

~. Z T S O FT ACTUAI. TIME TO 'I 28b50 ? 850

E NT.tOLLD SRESS RATE Of STRAIN, IN.IMIN *000 1 00

~~C'1 ~~~ULTIMATE SPEAR ~ 00 __ __

CONTEIItED STRhAIN STRESS, T/50 FT _____4

riPE Of SPECIMEN R er odcd (90%?, w3) 3. IN. SQUARE .5.IN. THICK

CLASSIFICATION CUN 9 E -SAND (sc) _________________._________________P___e ______

LL 3t5P /7

PROJECKST DIERKS D AIN

BONING NO. NO X-15011
________________________ DEPTH ATE $ 97

44- DIRECT SHEAR UEST REPO;RT
RHO FORM (EAI it4 10-2-1906) PREVIOU EIX-3AEOBOE

ju JUNs 2092 (E(10210)?EKU D~OSAEOSLT TRANSLUCENT) Plate N.2



._ SWCEDGL ReDort 1/22 7

,~I"

__ _:- l TI'' iTi l

-- . 1::l" : : ... . . .

w =-. - ,i :=.~r r
6 6

. . .. , .... . .....

..... ... . . = 1. .
,I,

I~r .... IT 4 _L/UF

oI

-2 2IEFRJ ' CN

7 2 6 7 % 12

NORMAL STRESSE SQ FT
"XA S.X TESTNO 1 2 3

WOATIONTEN 13.6% 13.7% 9/

:-, . VODRTOe

- SATURATION S, % %

o I.. .. .. ~Yd 107 107

-' .. o LECsT~s .

VOI RATIOAFTER
CONSOLIDATION e

TIME FOR 0O PERCENT

A0.1 0.2 0.3 0.4 0.5 CONSOIDATION, MN

HORIZ. DE~FORMATION, IN. WATER CONTENT Wf 1 17 2 . 9,?

-R VOID RATIO

SHIEAR STRENGTH PARAMETERS- - _ ___

SATUR~ATION %f 9% 0

01 - 29.. NOOLL STRESS, 6. 0 6.0

TAN 0*, 0.56 1T./OFT I,. 341 32

CONSTRESS. STRESSF

C7 1/SO FT ACTUAL TIME TO t( 2.50 250
FAILURE. MNH

F] CONTROLLED STRESS RATEOF STRAIN IN /MIN *001 1 . 001

ElJ CONTROLLED STRA1INTES,1SOF

TYPE OF SPECIMEN RemolI ded (957 a-, W..3) 3 .0 IN. SQUARE .5 IN. THICK

CL.ASSIFICATION C/ayey SANAD (SC) ______________

LL Pt /6' /7 0 .0

REARSPROECT DIERK~S UAN

AREA

XONING N40 SAmPtf No. X-15011
ET DATE S P___

DIRECT SHEAR TEST REPORT
ENO POFM 00 4F #1111 0712ATE9I5

JN " 2092 (EAf 1110-2-1906) PXEVIOUS 9EOONS ARE OBSOLETE I TRANSLUCENr) plate zbs



.. .. .SWDED-OL Report /127
- - -- -- L...t. .... .U . ~

- -6 06 ELI-

. . . . .. . . ,-I ; l .: . , . .: P - -

*. . 4 ': i : - '- '

2 . . .; .  .. i. "r h L"-t -

.j4.

. -- 4 4

* ... .. :,.. - ' - TEST NO.123

;:: .":I:: wAteCQNT,.N w. 15.8% 6.1% % %

- 02 '.." : . .- -.:i2 -. __ _ ." _ _
.441 

1i..: T.. 
..

....
A. 

.4o

., .,: : 1: -.. : . :: : :.. .. .SA, U*A,,ON s. %
. ... :u NS Yd 1 0 7 1 0 7

4- ,.. . . . . .. oo,-n R

Wl rATER NET1 l

CONSOIDATION 
e,

TIME FORl ,,0 PEl~iW'

0 0.1 0.2 0.3 0.4 0, .ONSOI.DAF")N. MIN '

HORIZ. DEFORMTION, IN. WATERI CONTENT w c i U. 3 % 7.8 % %%

z VOID RATION

SHEAR STRENGTH PARAMETERS ____ ____ ____

AUAtON S, % % %

, = 2£ ° ....NCMALSTRESS,6 

0 .

I/ 0 AMR

0 0. 0.2 0I 0 5 IME 3.2 3 3.2 7

STRESS.T/SO FT

f, ACTUAL TIM I 4400U 3 2 50
FAILURE. MIN

L i] ~ 0HT~,RSS~E 
sA ,,OR .,V.I 0 001 0 0 0 1

rIO N T RO L E D S T R EIN 
. ,A.AM 

EE. 

...

t0 N N eS T. , / 3o FS

Er o SPCIME N e n o ld d MIM) N. SQUARE 5 N. TH IC

CLSS CATON Ca e SAND ( ) 3 .23 3

_____~~FILRE MINO _ _ (P G 0

- - -_ __ _ PROE ICt UILRKS 00A1 .

ST AREA

TYPE OFoSPECIMEN 
').. IN. AE THC15 OK1

" _ _ _ _ _ __"_ D°A E S E P 7 1lAEA

DIRECT SHEAR TEST REPORT
IS FORM 4O10 F14fl E EI-
I ,UN vi 2092 (EAI I 10.., 1906) PRtVOUS EDmONS ARE OSEE (TRANSLUCENT) Plate ;JT 29r~.29

t j



SWDO-GL Report 1122 7

tl-l

' .. . -,: .. . .,, ..: i, I .. .+.': I t TI:: '-f+ i.

... 6 : HT7 ' 6 : l:. !7I.... 'v I "+ ____++

I 4-

-- . - ,. , ,

, : , , I.; ;i. [: v -; I

- .. 0i ', ' T1, Hi d p; - 'U, .... .... Z 4: _--+-..' +;ii.I't. .:ft~t. i1~
• +' +' +t t+:  + +, +i++I,,,

. 0 2 4 6 8 10 12

. .. NORMAL STRESS, a, T/SQ FT --

.0ST NO.. 1 2 13

IWATE CONTENT W. 9 7cj9_.27c
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I PAGE NO NOF1 PAGES

REQUEST FOR AND RESULTS OF TESTS - (. O 28

SECTION A.REQUEST FOR TEST TU-FM-72-20. 14 Feb 72 and
3 TO: (In,,lu ZPCode ) z FROM: (Irilude zIP Code) Supp I., 22 Feb 72

Southwestern Division Laboratory Chief
US Army Engineer Division, Southwestein Fdn & Matls Branch
Corps of Engineers Tulsa District
4815 Cass Street

--- - Dallasc-Texas 75235
3 PRIME CONTRACTOR AND ADDRESS (Irclude ZIP Code) 4 MANUFACTURING PLANT NAME AND ADDRESS (Include ZIP Code)

CONTRACT NUMBER - P 0 NUMBER

5 END ITEM AND/OR PROJECT 6 SAMPLE 7 LOT NO 8 REASON FOR SUBMITTAL 9 DATE

Dierks Dam NUM0ER 
SUOMITTEO

10 MATERIAL TO BE Io QUANTITY 1 I QUANTITY 12 SPEC. I AMEND AND/OR DRAWING NO & REVTEST~h leSUeMITTEO REPRESENTED FOR SAMPLE a DATETEghale Two Bag Samples

Material (3 bags each)
13 PURCHASED FROM OR SOURCE I14 SHIPMENT METHOD 13 DATE SAMPLED AND SUBMITTED BY

Spillway Quarry Govt Vehicle
1J REMARKS AND/OR SPECIAL INSTRUCTIONS AND/OR WAIVERS

17 SEND REPORN OF TEST TO

Tulsa Dist Ofc

SECTION B-RESULTS OF TEST (C,,,,ue on plain white pepr £ more space is r.qurd)
I DATE SA.MPLE RECEVED 2 DATE RESULT REPORTED 3 LAB REPORT NUMBER

2 February 1972 13 July 1972 SWDED-GL 11332
4 TEST PERFOR14ED RESULTS OF TEST SAMPLE IRESULT REQUIREMENTS

See following pages.

This completes the requested testing.

Southwestern Division Laboratory . _ "

, 1222 REOLACES DD ORM, 222 1 JUL 58 WNICN IS OBSOLETE



SWDED-GL Report No. 11332 13 July 1972

Results of Tests of Shale Material
Spillway Quarry

ODierks Dam - Tulsa District

1. Reference:

-a. Test Request TU-FM-72-20 dated 14 February 1972, and Supplement
No. I thereto dated 22 February 1972.

bo SIWDED-GL Report No. 11227 dated 29 September 1971.

2. Two samples consisting of three bags each, marked Quarry I and
Quarry 2, were received 2 February 1972, and were assigned SWD Nos. X-15623
and X-15624. Four bags (two of each sample) were combined for testing and
the remaining two bags saved in their "as-received" condition for subsequent
X-ray diffraction, slaking tests, accelerated expansion tests and megascopic
examination.

3. The four composited samples were crushed to pass the No. 10 screen
after an examination of the materials indicated that individual particle
sizes were much smaller.

4. Atterberg limits tests were conducted on the minus ? fraction of
the as-crushed material, on the material after 10 minutes of blenderizing,
and after 30 minutes of blenderizing. Liquid limits were 25, 33 and 35,
respectively. Gradation curves corresponding to each treatment are shown
on Plate 1. A standard compacticn test performed on the as-crushed material
gave data shown on Plate 2.

5. Q triaxial specimens were remolded to densities near 90 and 95% of
maximum density from the compaction test, at water contents of optimum and
optimum -3%. Test data and results are shown on Plates 3 through 6.

6. R triaxial specimens were remolded to densities near 95 and 100%
of maximum density from the compaction test, at water contents of optimum
and optimum -3%. Test data and results are shown on Plates 7 through 10.

7. S direct shear specimens were remolded to densities near 90 and 95%
of maximum density, at water contents of optimum and optimum -3%. Two speci-

mens at each remolded condition were tested under normal stress of 8 T/sq ft,
and strength envelopes drawn between the average strength value and the origin.
Test data and results are shown on Plates 11 through 16.

8. In addition to the tests of the bag samples received 2 February 1972,
R tests were performed on SWD Sample X-1Uoii, received 20 August 1971, and
previously tested for Q and S strengths (SWDED-GL Report 11227, 29 September

1971). Specimens were remolded to near 95% and 100% maximum density, at



--SWDED-GL Report No. 11332 Dierks Dam

Results of Tests of Shale Material
Spillway Quarry

Dierks Dam - Tulsa District
(Gont'd)

water contents of about optimum and optimum -3%. Test data and results

are shown on Plates 15 through 18. Strength values agree closely with

those obtained in tests of the new material.

9. The two bag samples which were saved in the "as-received" con-

dition were combined and the pieces subjected to megascopic examination.

(See Petrographic Report). In general, three materials appeared pre-

sent: shale, an intermediate material initially designated silty shale,

and shaly sandstone. Typical specimens of the shale and sandstone were

submitted to Dr. A. J. Ehlmann, Texas Christian University, for X-ray

analysis; his report is included at the conclusion of the text. The

X-ray diffractograms are inclosed in an envelope inside the back cover

of the originals of this report.

10. Specimens of each of the three materials were subjected to five

cycles of slaking in distilled water and oven-drying. Photographs were
taken before the tests were begun, at the end of the first slaking (be-

fore oven-drying) and after the third and fifth cycles; the photographs
are found on Plate 20. The shale specimens began to disintegrate within

minutes of the first immersion in water; the silty shale was affected to
varying degrees; and the shaly sandstone was affected almost not at all.

Atterberg limits tests were performed on a portion of the shale material
after the slaking-drying test: T 'quid limit 41, plastic limit 21, plas-
ticity index 20.

WW



SWO Frm 600-B Corps of Engineers
Reinstated 4 hy 59 PETROGRAPHIC REPORT -SWD Testing Laboratory

Dallas, Texas

Report 4o, Project Date Initial
RoDGL 11332 Dierks Dam 13 Jul 72 GM1f

Sam.ple go. Source
See paragraph 2 below

1. References. Reference is made to Tulsa District Test Request No.

TU-n1-72-20 dated 14 February 1972 and to Supplement No. 1 dated 22 Febru-

ary 1972, requesting petrographic analysis and accelereted expansion tests

on the sample described below.

2. Samples. Sampleb consisted of two bags of chunk rock from the

spillway quarry selected at random f-om the six bags submitted. Chunk size

ranged up to II" x 6" x 5". The samples for petrographic examination, X-ray

difftaction, acc,._erated expansion tests and slaking tests were selected from

this portion of the total sample.

3. Description. The material from each bag was examined separately

and divided into three types as noted below:

Percent

Type Bag 2 Total

Shale 26 0 14

Silty Shale 7 42 24
Sandstone 67 57 62

a. The shaie was black, soft and fissile with occasional thin stringers

of very fine-grained sandstone. Some iron staining was noted. Simple staining

tests with benzidine indicated the presence of a small percent of swelling-type

clays although X-ray diffraction did not show this. This material broke down

readily in both the accelerated expansion test (Plate 19) and in the slaking

test (Plate 20).

b. The silty shale was dark gray and moderately hard. Thin, randomly
oriented, carbonaceous inclusions up to 1-1/2" in diameter were noted through-

ot the rock. During the slaking test some of the particles broke down during
the first cycle; others retained their general outward shape, but cracked on

random planes during the test period (Plate 20). The only breakdown that

occurrea during the accelerated expansion test was random cracking in two
particle2 and slight spalling in two particles (Plate 19). See below for a

discussion of the latter test. It was found that after a short period of

soaking in water, this material could be crumbled between the fingers, and
with a little effort and the addition of more water, could be completely
broken down. A small sample processed in this manner and sieved over a

No. 325 (0.044 mm) sieve resulted in approximately 70 percent passing the

sieve. The 30 percent retained consisted predominantly of quartz with a

trace of chert. Twenty percent of the material passing was clay minerals
with the remaining 80 percent consisting predominantly of quartz with small

percents of miscellaneous minerals. Staining tests indicated a small percent

of the clay minerals to be of the swelling type.

I. - _ _
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(Cont'd)

c. The sandstone was gray, moderately hard, highly argillaceous,
and fine-grained. The sand grains were subrounied to subangular, and con-
sisted predominantly of quartz with a trace of chert and quartzite. Some
of the surfaces of the rock had thin, iron-staineJ, shale coatings with a
trace of mica. Large chunks of the rock were difficult to break with a
hanmier, but it was possible to break off small pieces with the fingers.
The rock was only slightly affected by either slaking or accelerated expan-
sion tests (Plates 19 and 20).

4. Accelerated Expansion Tests. These tests were performed in accord-
ance with the procedures in CRD-C 148-69. Photographs,taken at various inter-
vals during the test~are shown on Plate 19. Breakdown of the shale began
within five minutes after submerging the sample, and continued through
24 hours. No obvious additional breakdown occurred after that time. The
silty shale showed no signs of breakdown during the first two hours, after
which slight cracks appeared in two particles. At 24 hours, two particles
had cracks through the entire particle, and two other particles began slight
spalling. Only slight additional breakdown occurred during the remainder of
the test. No evidence of any breakdown of the sandstone occurred other than

small deposits of sand grains around each particle. The percent loss (passing
the 3/4" sieve) of each type material at the end of testing is shown below:

Rock Type Loss, 7

Shale 37.7
Silty Shale 0.9
Sandstone 0.6
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TEXAS CHRISTIAN UNIVERSITY
Fort Worth, Texas 76129

Department of Geology March 30, 1972

Director
Southwestern Division Laboratory
U. S. Army Engineer Div. Southwestern
Corps of Engineers
4815 Cass Street
Dallas, Texas 75235

Dear Sirs:

The X-ray analysis of the two samples from Dierks Dam indicated:

1. Shaley sample:
Illite -------------------------------- 50% estimated
Kaolinite ----------------------------- 20% "

Quartz -------------------------------- 20% "

Chlorite ------------------------------ 10% "

The samplE appears to be a non-expanding black shale.

2. Sandy sample:
Quartz ------------------------------- 60% estimated
Kaolinite ---------------------------- 20%
Illite ------------------------------- 10%
Chlorite ------------------------------ 10%

The sample appears to be a sandstone of graywacke type differing from
the type only in having no feldspar with the quartz.

If I can be of additional help on interpretation, do not hesitate to
call me.

Very truly yours,

A. J. Ehlmann
ProfPsctr of Geoloay

AJE:vf
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4- .Jm SATURATION. 't Sc 1)r) 109 10Q0 3 00

4t + 1  e.I NAI 47( .459 . 301 . 439
> 7 .RS~ETSF 0 74 12. 0 14.4 12.3

0 f~MINOR PRINCIPAL a,14 30 . .'4STRESS, T 'SO FT 1 3. U .3 (1 ~
STES '' T' SO FT1 2 6 6.0

LbTMETa'1 ~2 MiI'Itf 270) 3'1 240, 3& 0
20 ULTIMATE DEVIATOR Ila, -0

10 ~~STRESS T'-,OFT * IIV___

AXIAL STRAIN. I NIT IAL DIAMETER. IN. 00 .44 1.

DESCRITION OFsp~~cmN$ Ramolded to iprciroy952. inax jenstv~ aL optimum.

LL 33 1 6 027 ITYPE OF SPECIMEN TYE OF TEST

PZMARKS' PROJECT Dierks Dam

F 8RIO N )AMPEN X-.15623-24
OEPTN/ELEV

LABORATORY C11!) bATE 72 _____

~. SN OR M.TRIAXIAL COMPRESSION T S R R

RE JUNE 1970 2089 PREVIOU~S EDITION IS OBSOLETE TRANSLUCENT
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4--

ILL

2-

X

I-LaL

2 4 NORMAL STREA~ 0. T/SQ FT 8 10 12

6 V __v

SPECIMEN NO. - 1 2 3
vWATER CONTENT,~ 9 9.9 9.9 9.9

L8 C OYESTV 117 117 117
0zSATURATIO?4. %. S' 60 61 6 1
I- 4VOlr RATIO e. *4 40 .435 .442

WATER CONTZHN1.% w 16 .2 16. 1 16.0
DRY OENSITY yd 1 17 117 118

4. 4,x La/CU FT____

It W SATURATION. %Sc 1V)100 100Ia:

M tLVOORATI .43 8 .435 .431
RESURE. T/SG FT :U, 8." 14.6 18.2

>tMINOR PRINCIPAL1.6.
STRESS. T/SO FT.3.

&TES 2'OF .38 3.21 6.20,
TIME TO la,~33* I 340 340 280

0 5 ID IS VIA TOR (

AXIA STRIN STRESS T /SQ FT I.;. :~
AILSRI.IINITIAL OIAMETER. 00 1. 1. 1.4

CONTROLLED.- S r ij TEST jINITIAL HEIGHT. IN. N 3.0 3.1 3.
DECRPTONFSECMESRemolded to approx max densitv at optimum - 3%.

LL 33 P--L 16-7 _P 1,7 12.70 ITYPE OFSPECIM -EN Pemol ded - TY PCOF TEST 079
REMARKS: jPROJECT Dierks Dam

BORING NO SAMPLE NO. X- 15623-24
DEPTH/ELEV

LABORATORY jOTE A~ 2

_______________________TRIAXIAL COMPRESSION TEST REP6)RT
ENG FORM NO.28 PREVIOUS EIUITION IS OBSOLETE TRANSLUCENT P .at
AC RV JUNE 29702(8
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I.

< 2

2 4 NORMAL STRESA 0. T/QF 8 10 12

SPECIMEN NO.- 2 3
vWATER CONTENT. % w0 12. 13.0 12 .9

-RNST J Y. 1 17 1 17 1 169LB' CU FT

0 SATURATION. so 79 SO 78
S 4VOID RATIO e,, .439 .439 .447___

WATER CONTENT.% We., C,4 15.4 1/4.8
OROISIY" 117 i119 121

SW SATURATION. '.S, 10 0' 100 1 00

STS. TOID FAT3O.
VIRTOec .441 .415 .39'.

<PRESSURE. T/SO FT ~0 7 7 .2 8. 7
wMINOR PRINCIPAL( _ _ _ _

EVMAXIMUM (DEVIATOR a,~ 27 7558
ST RESS. T S3 2FT3 3. 5 5 8
TIME TO 10,1 M IN rIf

#-0..) 27f) 200 270___
ULTIMATE OEVIATOR 0.STRESS. T/ 1 I ,

AXIAL STRAIN ,.INITIAL DIAMETER. IN. 0 0 1.4 1.4 1.4
CONTROLLED- S Lw i TEST INITIAL HEIGH4T, IN. 1-o 3 .1 3 .0 3 .1

DESCRIPTION OF SPECIMENS flcrnolded to approx max densi ty at opt ium.

L L 3 3 JPL 16 PI 17 1-2 1.) TYPE OF SPECIMEN Remolded jTYPE OF TEST

REMARKS: PROJECT Die rks Dam

aORING NO SAMPLE NO X-156230-24
OEPTH/ELEV

LABORATORY SD TjO ATE t41 7 Z-

FORM NOTRIAXIAL COMPRESSION TEST REPORT
FOUNO*, 2089 PREVIOUS EDITION IS OBSOLETE TRANSLUCENT ~a./0



4 :-

* h-*

A~ ~ ~L~ - 2f~ tI . 4+

- - - -- - - -- - ----- -- 0 U,

" ' , .. _ b 'O_ t. o=,.," t . .39.
I .II

---------. 0 0 WE010...
2$.F.±.... . -.. I0

---'-e-"- 9 "' %

':~ORA STRESS c'" ""S FT! . . .,

D0 WATER CONTENT W 9. 89 9.8

SAIDURATION e. 63% 602
0

D RY DENSITY, 1I 105 1 n,,
i. /CU FT

U-6 ": I -- __ - ___.

1<: IVOIDRATIO AFTER
CONSOLIDATION

0.1 0.2 03 0.4 0.5 CONSOLIDATION, MINI

HORIZ. DEFORMATION, IN WATER CONTENT w, 1.5. . I% 1

zVOID RATIO C

SHEAR STRENGTH PARAMETERS
SATURATION Sr %:0 % %

0, z .. .... . .. . .If ''. t.. -

= --I NORMA~--~ST-ENSSL S T) S .
TISO FT

TAN 0 ~MAXIMUM SHEAR 4.6 46
STRESS, T/0 ,FT m 1 94.6 3

- T/SO FT ACTUAL.TIMEO Er 3 2 5 3900
FAILURE, MIN

.CONTROLED STRESS RATE OFSTRAIN, IN/MIN 9. 0

S CONTROLLED STRAIN S-T-E .S...

TYPEOFSPECIMEN RerrolddLon ro x  ax dens 3.0 IN.SQUARE .5 IN. THICK

CLASSIFICATION CL

LL 33 P. 16 P1 17 IG. 2 70

RMRSPROJECT Dierkcs Dam

AREA

BORING NO, S1AmptE No. "-15623-24
DEPTH DATEATION ' 7Z.

ODIRECT SHEAR TEST REPORT
ING FORM G0.030 . O. fI-1A4O43 PLATE IX-3

I JUN 65 2092 (ET 11 V-2-1906) PREVIOUS EDIIONS ARE OBSOLETE (TRANSLUCENT)
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.. .... C
Ot .. +

4 .t 44,--+-

2 D

-K.

0 24 fit +O ~ J

NORMAL STRESS, oT/SQ FT -

.01 TEST NO.1 2 -3

-_ - WATER CONTENT ~ ,12. C6 % 2. 6  %

VOID RATIO e.598 .597
zSATURATION S. 5 6%c 56%%

0. -

0 ,. DRY DENSITY, 1' 105 105
L a/CU FT

v VOID RATIO AFTER

CONSOLIDATION

TIME FOR 50 FIECENT
0 0.1 0.2 0.3 0.4 0.5 CONSOLIDATION. MIN ti

HORIZ. DEFORMATION, IN, WATER CONTENT 1 3 . % 1 .4 % %%

SVOID RATIO

SHEAR STRENGTH PARAMETERSj-
SATURATION S, % %%

0. .3 NORMALI STRESS,. .

TNT/SO FT0 . 80

TN = . oMAXIMUM SHEAR 4 .7 2 4 .C
.SIRESS, T/50 FT

C' 0. 0 T/ SO IT ACTUAL TIME TO tl 2 90 0 2,500(
FAILURE. MIN

F]CONTROLLED STRESS RATE OF STRAIN, IN /MIN

CONTROLLED STRAIN STRESS, TIS32 FT

TYPE OF SPECIMEN 3. IN. SQUARE ] IN. THICK

CLASSIFICATION Remlde to approy~ -95J7 rax d ens tit oFptimnum water.

L. 33 PI 16 [PI 17 TG. 2 .70

REMARKS IPOETLir- li

AREA

BORING NO. I s~mtjo X-15623-24
DIPTH DATE

EL -

DIRECT SHEAR TEST REPORT
1MIG FORM 4'0O IcES Or-:1A4"s PAEI

1 JUN 65 2092 (EMl 1110-2-1906) PREVIOUS EDITIONS ARE OSsOLT (TRANSLUCE:NT) ATX-
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- I F

____-_L: t~~g i
______ =-

:T VLA) u

__ 16 ~ 41 .' ~ _

_ _ * . z
- __ '~ - r - .. 1 '' 7

0.. 2 -i 4 l /

- - --NORMAL STRESS, ~,T/SQ FT

OI- TEST NO. 2 23

7 WATER CONTENT W 9 . %, 9 7 %

Z0-*.. VOID RATIO e. .3 17 5 17

.. .... SATURATION _S. 5: % 7 0 % ___

-~LR/CU F

... .... VOID RATIO AFTER
CONSOLIDATION e

TIME FOR .50 PERCENT
0 0.1 0.2 0.3 0.4 0.5 CONSOLIDATION, MIN 3

HORIZ. DEFORMATION, IN. WATER CONTENT w, 5. % % 3

z VOID RATIO e
SHEAR STRENGTH PARAMETERSSAUTIN 1  % %

= 2NORMAL STRESS, 8.0) 1- .0
T/SO FT

TAN ~ .42 MAXIMUM SHEAR .74:6
STRESS, 1/SO FT m 5.7 4 :r

ST/SO FT ACTUAL TIME TO Eg593 20(
FAILURE. MIN t

CNRLESTESRATE OF STRAIN, IN./MIN *000 1) . fl0001

ULTIMATE SHEARxII CONTSkOLLED STRAIN ISTRESS. T/SO FT

TYEOPCMN R c m oid cd to inprox--W in: a3 F um 3  IN. SQUARE .- 5 IN. THICK
TYPOFSECME delns]t LN t opt imum-3._______

CLASSIFICATION C'-

Lt 33 p 1 P 17 G - 2 .70

M A RK S _ _ _ _ _ _ _ _ _ _ P R O JEC T oi i c r k s O a TI

AREA

BORING NO. SAMPLENO. X-15623-24
__ _ _ __ _ _ __ _ _ __ _ _ DEPTH DAE r 1 ~ 7t

DIRECT SHEAR TEST REPORT

- M2092, (RE i i t2-igo PRIUS EDOS ARE OBSOTE (TRANSLUCENT)



___________ i::*- 1 d .

+2;

:E171.

-1 f

rt I-t .'

in. : r:-." w

-4 __4-4

.~ ~ ~ ~~~~Z 4 ..&:z:: ATROTET1.6
0 .4.. .VODRTI t, *j * 

77 SAUtTO

N./C NOMA STES 1S FT

TES NO - - 3 -

HORZ. EFOMATONIN.WATER CONTENT W. 1 9.". 6

.0Z ~ ~ VOID RATIO . 51

.... . .. LT/SO FT

.... ......

T/SOVOISTRES.TIO AFTE

0.1 0.2 0.3 0.4 ACT. TIME 0PRTOt

FAILE O. MIN

riSATUFSRAIN.ONN * )f ! .0 ' 00 %
COTOLE STES NORMALSTRESS

I-iULMATMU SHEAR
Li COTROLED SRAINSTRESS, T/S0 FT

JYPEOFSPECIMENS Fr ACUA TIM TON QAE * N HC

CLASSIICATIO M Lf

PROEC COTOLE STRErSS

j ST~~REA /

TYPE__OFSPECIMEN ________________________ DonenTH DATE SQARN.THC

CLSIICTO _ _ _ __ _ _

REEMASEARTSTRKOR

ENGIN NO.M =AM64 NO -15623-2A4EIX-

IJNG FOR 2092 (EAM I t 10-2-1906) PREVIOUS EDITIONS ARE OBSOLET (TRANSL-UCENT) 4r 0*4OF2494 LTEI9
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9 4A

w

2 4 6 8 10 12
NORMAL STRESS. a. T/SO FT

SPECIMEN NO. - 1 2 3
JVI WATER CONTENT.% w. 13 .3 1.3.9 13 .8

-j DRY DENSITY 107 1 07 107

4~SATURATION. 6 s ( 6 6 66
6 VOID RATIO e. .51 5 .567 . 565

WATER CONTENT, w, 2 0.2 i. F 1.7 .3
w< DRY DENSITY )': 109 112 1 15
X, L8/CUFT

M w SATURATION,% Sc 100 100 100
4. 0

S 2 tLVOID RATIO 1.,543 .506 .465
SFINAL BACK F 0 1. 461.

iPRESSURE. TS T u 2. 461.
MINOR PRINCIPAL 3 1 . 7 3 .0 6.*0
STRESS. T/SO FT

0 S 10AIMULT MT DEVIATOR 10l

_________________ 11IN 0

AXIAL STRAIN. j,. INITIAL DIAMETER, IN. 00 1 . 1i . 4 1 .4

COTRLED t ~J ES NITIAL HEIGHT. ON. j 3.0 3.0 3.0
DESCRIPTION OF SPECIMENS Remrolded to npprox 95%' max dens itv at optimum -3~ *.

LL .35 PL 1 IP1 17 G-2 . r 9 JTYPE OF SPECI'MEN TYPE OF TEST R
REMARKS: 

1 PROJEC1T Dierkcs Dam

BORING Q 0ua rry ISAMPLE NO. X-1501 1
OEPTN/ ELEV

LABORATORY SWI) 'DATE A) s

ENG FOM N ITRIAXIAL COMPRESSION TEST REt~RT
(4..REV JUNE 1970 2089 PREVIOUS EDITION IS OBSOLETE TRANSLUCENT /ar/~P1 1.



/4 __ ___

t t

5 _____ _________ ________ _________ ______
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All.3 /. / a

9DE

7i-A- gs

2 6 1 10 121

NORMAL STFI4ESS.. /OFT

6v
SPECIMEN NO, 1 2 3

WATER CONTENT, % w,16.5 10.6 16.6
i RY DENSITY yd. 113 112 113

9 0

4 VOIDRATIO. e, .- .4M~ .486

WATER CONTENT, w. 18 .1 1 7.9 16. 7
D RY DENSITY

w LB/CU FT yd 113 113 116
Wi SATURATION. ________S 0 100 100

cct VOID RATIO .4 7 .461 .449
IAPRESSURE. T/SO FT ;U* 7 .2 5.2 8.2

III MINOR PRINCIPAL
oSTRESS. T/50FT 1.5 3.0 6.0

STES .5 TA 2. 768 3.83 6.00

LLL TIME TO (a a) MN 320 310 280
0 0 ULTIMATE DEVIATOR

0 0 M 2 STRESS. T/S F

AXIAL $TRAIN. INITIAL DIAMETER, IN, I~ . 4 1 .4 1.*4
CONTROLLED - ~tajTS INITIAL HEIGHT. IN. ]H 0 3.0 3.0 3.0

OESCIPTON 0:SPECIMENSP~emoded to approx nx density' at optimpum.

LL 35 IPL 1 I PI 17 1.2.69 TYPE OF SPECIMEN Re molid ed J9OF TUST

REMARIM PROJECT Dirk Da

GORING NO. Quarry AML NO. X-15011

-~ OEPTH/ELEV

LAOORATORY D ATE ~j 2-

TRIAXIAL COMPRESSION TEST REOAT__ _ __ _

ENO FCORM NO.
~. , MV JNE 9702089 PREVIOU3 EDITION I3 OBSOLETe TRANSLUCENT F'P

RZVJUK 1210, P t* s



SWDED-GL Report No. 11332 Dierks Dam

Accelerated Expansion Tests

Plate 19-1



SWDED-GL Report No. 11332 Dierks Dami

Accelerated EXpansion Tests

Plate 19-2
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Accelerated Expansion Tests

Plate 19-3
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Slaking Tests

Plate 20-1
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Slaking Tests

Plate 20-2
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Slaking Tests

Plate 20-3
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Slaking Tests

Plate 20-4



APPENDIX D

FOUNDATION MATERIALS

SECTION 1. UNCONFINED COMPRESSION TESTS



Sketch-of-specimen wf

TEST MYE 4 .
-- Cbjtk one) 1404 *II 1~ 1, [* +4- -

Controlled- stress L1  -t

0Cojntro~ted-strain I-~ I I-+l
-0 1.0 2.0 3.0 .4.0 5.0 o0 70

AX:I;L -MrA:14,

0ound-isturbed r-
Type of mBcme emolded (.0 t No. Test N~o. Test No. Test No.

%Water content %I_ __

Dry density, It/cu rt 01 -

!ime to faihiure, Mir, I 27
Unconf'ined compressive streng-th,T

tons/sq ft _ 
t ~_eI

UriAmined shear strength, tons/s ft U ~ 4 I1Q . __

Se nsitivity ratio - _ _____J______

Clssaification 5rS5QQ

IL IPL ____L

Spec ien~ e-spec1~r ___________

- krea Fu~~.M1r-'

- - - Baring No. -. 3 . Sa&Mpe No. M3I

Depth: tj Date OCT 64
K ~ 1. ~LUNCONFINED COMPRESSION TEST REPOR

IN- 1G F0~m369Pi 7
I MAYO to.NLCNT .T PIATE X-2,C 8 927

Sz -



II I-

Skitch of sapecfien
-. after failure I

TWT MYE
--- (Ch~eck one)soT

-f]Controlled-stress

SContro Lied- strain -~ i~ .~ .IL
0 .0 2.0 3.0 4.0 5.0 (0.0o 7.0

XXIAL 01w.ArN, c

Tlype of s~ ecim efl t U fdI t do T es N o -s N o es-o
__________0 Rtmolded' Test N. Ta o etN. Ts o

Water content___

d
4Void ratio u

S
14Saturation________ --- H

__Dry densiLy, ib/cui ftd

Trime to failure, minf
UNconfined, comrssivesstrengthi

Itona/sq ft ______

Ur~irained shear strength, tons,/sq ft su I

Sensitivity ratio t~ { ___V __

ClassificationSADON. . - -.. -

Diam ~ , in. Height 0. 3 il, Pzojqc't -_______

Boring No. LLL. Sample No. M i

- Depth, Date%7 1 ~4
UNCONFINED COMPRESSION TEST REPORT

U59PRN (TPrM*LUCxNT) 81I 9O 2 4 PIA72 -

JMY1



________ A . . SDOp

~etchospecimuen
-aftezt-faiiure

--TIM TYPE
_____- -(chec one)

-- f~7jControlied-s tress

C0_ontrolled-strain 0____
0 1.0 7.0 3.0 4.0 5.0 660 7.0

Type o i-imen. jiu -T-

of R emolded Test No._- Test No. ITest No. Test No.

Void ratio e

-Satua)Xtionl 
S

__Dry density, Lb/c.i ft. _____ t r6 0

Time to failure, mmi t I

Unconfine compressive srength, -

tons/eq ft qu 353_____

Undralined shea~r strength, tcosa/Bq vt u 7 7_- _

Sensitivity ratio ____ sti __ _ ___

Classification 3AD.

LL PL IiiO _____

Specin en Spcimen

Diam C)in. Height Project DiljkrrL --

- - -moear.n"ri

SBoring No. - ! -If Sample Nfo. M- a tGo

- Depth, 4a Date'361.

_______________ UNCON4FINED COMPRESSION TEST REPORT

IGFo3659 (77tAXSLUCZNrTM71r 10 PIAK X-2('JI MAY 0 C 8927



- -S .. .--.. ~--..-. --A

- -Sketch-of-specimen t
aft failure

*TINT TYPS
Z~CCbeck one), 0

- J ControLled-stress 07tJ

- ),oo ib/vIn

QJ Contro.Lled-atrain ff+ 4
-- 0 1.0 2.0 3.o .4.0 S.0 (6.0 7.0

A.X[AI, ORFA:, ,

Iyjv of sloec1.men 09 Uldi at rbd
0______ CIewlded * Test Nu. Test No. Test No Test NO.

4 Water content ___ _____

-~Void ratio Qc

Dry density, lb/cu ft 7 ... &. d- .-

Tim to falue mi f---. -_ ___

Unconfined cper'-e strengtEh,--
tons/sq ft __ _ _-- _ _ _ _ _ _

Undrained shear strength, ton/sq f~t Uj j -. .- ____-

Sennitivity ratio 1t _____ _____

Clasification rSTM -- _____

LI, PL PI
Specimen ON Specimen
Dian 5.7 in. Height 10.3 ill PoJect D .& .

Remrks _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

Boring No. Swrzle NO. M-3 914

Deph, 2 3-1- 2L4.0 Date O&T 6 A
________________________ UN4CONFINED COMPROSKN TEST RE OT

1ING FCMM ( eTMN$LVCXNH (L 4tA Pr. X i I-2



Sketch-of-spcinI
- after-failure

- ._,(cbeck one) s

U

SControlled..atreBs

C: Controlled- 8tr~in 0n±H-
0 .0 2.0 3. 4.0 6.o r.0 7.0

AXIAL SMAIN, .

Typ of sien-- M UndisiturbQtdTetNo7- o
0Remolded __ITest No. TestNt No. N. TstNo

C

-4 Saturation0%

Dry denbity, lb/cu ft 7 diGL--

Time to failure, min _____ _____

Unconfined compre6a lye 6trength,
ton/q ft ___ __

SUxnrained shear streng-th, tonn/sq ft -- U' 5 _____

Serwitivity ratio - - -- ---

Classif ication ____ - __ __ _

II PL

Din G )in.1 Height S.j n Project _

I iemrk _______ _______

____ ___ ___ ____ ___ __G __ ?,Cn~1o -'a1 -Sapefo -- _____ __

Boring No. Q J-SapeRo M ;1

Dept, F~41.9 - 4.8 Date C4

1MG PEM ~, ~ II UNCONFINED COWPRESSMO TEST REPORT



-'B I qz

Op A

NZ,.A S'Ar

_ _ * 4er -. - _

.. C od rot a a

nContrd ollpe-a treati n gh

0niaie Remelde sIegh tTiaq NO. TetNo'ts o

Voniidt ratio0

ILS IP
Satraio 0~ ~~~

Unoriine co pr ss v st e g h qu~- L . S mp e 1 p - O

Seesiivit rai ,,4-J. taetC

ia .. C> in8 2nPojc



--- 1~-7--

-Sketch- of- pecimen r

-- after-ftilure

TEST TYPE .- f4
4teck one) -

Controlled-stress -T

EJ Controll~ed- atrain ______t :
- --0 1.0 Z.0 30 40 5.0 co 7.0

Typeof_________ 0 Remolded ITest No.- Test Nnj. Test No. Test No.

4
Water content__ _ _ o __ -- - * _ _ _ _

Satuatio -__- ~I 77 ______

-Void ratio0

[Dry density, -lb/c-! f~t d______

tozis/aq SI

Sensitiy-ity ratio j t~___
Claaaification SHAL E ______

LL PL. I G6  _ ___

Spec ie - -lic imeF
Dism . in. IHeight in J ~ ei-i fco __________

Ihemrks_______ ____

Boring No. tAI.&. S&Mle -- M~.

Depth, -a ,6.re- 17.41 Date DEC 6 41

~ - UNCON4FINED COMPRESSION TEST REPORT
MAYNLCZT 63AT PIA'I2 XI-2'C8a927



swnrfi~Jt~

-- - -- ~I Lg--.

* Sketch of-specimn
after railure

(Check one)

Controlled-stges
Ra 7, /. GAf w-

SControlled-strain L .- li

Type of' atecImen o "r Test Ne.. Test. No. I Test No. Test No.
0 Remolde

Water content__ _'

SVoid ratio - ~-- .--

Dry density, lb/c-u rt ~ 1 6

Timeto fail~ure, min f 4
Uncoof inedi oimpress i ie trE " ' t...........

tons /sq ft

Undrainei shear etreingth, tocis/sqr tl u 244

Swiiiyratio S ___

Classification _SHALE - -.-- ----

Specien ,jec mn
Diam 4.0o In. eigt 75f ~n F -______

ReM~rkfi CLJAf Ar J.I.-f-1'~- _ _ _ _ _ _

enar ji:t r2n Area F-oundation Material
SI~a £ :PftAt Afl..Ial);PMO -to Boring Nso. 9 . Sample No~. 7~.

IW SaW'~ St tj-7 eptht, X . 1 Date SEP t

dh, ;~a~t ~UN4CONFIN4ED COMPRESSION4 TEST REPORT
Ig MA 69 U5 (MRNSLVCzMT) C e$2 7 phto AT% 7 -2 V



APPENDIX D

FOUNDATION MATERIALS

SECTION 2. Q TRIAXIAL TESTS



S~l~L-ppr1N~T 892

0) 2. 5. 7. 10. 5.0 '.

NorrAl Stress, a, tons/eq ft

Test No. 0D QD(3
*Water content v 2 1i. ~ 1-. 7. r

1;Void ratio e0  8

Water content
o

Saturation S %

0 Consolidati qn c'
2r4 s.tonsgft
Void ratio e

AxialStrain, % .~Water content f

k. Void ratio f
___________Major principalShea~r Values teu ~ xitone/8% t a. 4j.L ~ A5.

0 Inip. amtress, tons/fig ft .sL .5.. .. L5. 3.0 -Co._
tain .~.... Time to failure, min 2 ~

c -- 0_ 2L..ton*/sq ft Inta diameter, ca in 4 r4 A.... .-. ±
Initial height, H 01 o f -

Type Tst__Q
Method of Saturation _______ controlled Stress rn Controlled Strain
Type of specimen UNDISTIJPSED Rate of @train 00 Ii n./min

Cla a if ication s;i4-~t SANfl SM )
LL, NP PL NP P1 NP -pi G

£feUlK.5l MT 1!)7a a1,-pin IFroject , k s Us i

____________________ rOf&', MAIM/liTRIAXIAL COMPRESSION TEST REPORT

IH POAY 5 8 PlikVI091JI KCItTION11 AR41 01113LETIE. 0-tNUC~)PLATE NO. 8 0.4
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FOUNDATION MATERIALS

SECTION 3. R TRIAXIAL TESTS
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T I

Cr I fl(~ mn?~89

43-

rn4)

-00
0 3.5 .0 7. 0.0 135- 5.0 *.

Normal Stress, a ,tons/aq ft

U Test ft. (D ___

Water content 'o 17: 17.S If.
Vold ratio eo .523 ~ ...

'9 Saturation SO _____%

Dr density
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VOID RATIO _____ _____

SHEAR VALUES MAJOR P*TNCIPAL 01

STRESS. TONSISO FT 4{ 4Z9'± iZ.2
so 30 Sl^TTSS. IONS/SQ MFTO PtNIA 0.50 6./50

TAN 4p -. TIME TO FAfLURE MIN ~{ 8
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Virti 0  .450 ,4 5f f*52 .440
o 24 Satiuration so 7 % % __ __

4J -- Dry density vd16A ~ 15
lb/ cu ft d 164 /6b

~Water content v %

Saturation S,

SConsolidati 9n 0

.. press., tona/ Sq ft __ ____ ____

Void ratio e
0 0 16 zo 3 ater content W

Axial -Strain,5 _ __

Void ratio ef

Shear Values Major princinal9g £7 5
s tons aq ft 1' . 5___ ____7

Sstress, tons/sq ft 6.e.5 /.5 .3 4 .0
tan ~ ~5Ti=,e to failure, min Z 7' 32z
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mg',Uui h ar n maL deviator Atrr ________________________

at or bglov" 15 Yo ftrain. Area Ilurow Male',aI
____ ____ ____ ____ ____ Boring No. ICA -C- g Sample 30. IA-l'7 '17

Dpth aeJl L

_____________________ TRIAXI AL COMPRESSION TEST REPORT

RH o P m 20 9 PREV IOUSI CO ITION$3 ARC O GSO LT C. (T A LU Z )0 S 4 4os

P1ate IND. 40



I _ _ IV II_ _ - 111

_F K -4 - _

VIm

NO _

NORMA STREIS. oTN/OF_

IU I_____________ 111f I I..

WATfR CONTINT "

VOID RATIOU4 . 2 w

AXALSTAI.WATER CONTENT c %

SOITURATION

RESS. TON S SO FT -.. jj

SHA VLE MIJOR PRINCIPAL

STES .2~ CNSQF fIITONAL OI F ,5S4 5j 7, r29 1,1IINORIA PRINCIPAL 30 3. .. .

TYPE TEST 

IM LHIM . ~l

TYPE of SPECIMEN fl~.RAT? OF STRAIN 0.0*.N

CLA431PIATION SiIcla gey (sc)
atP 1.3 1 S 111 Q~ 2.69

REMARKSAIIJor oinipflEA f1r-e-4 r% ~ ua

ane~ basmd On~ mn deviator strows ________________________

tt-r- Wtow 15 Y, 5traih. AREA PC-roW Mte'ria!

BORING NO IOA -2C - 169 SAMPLE NO.06r)

-__________________ TRIAXIAL COMPRESSION TEST REPORT

IEAG FORM 2089 rEVOUS EDMOI"%AR OSCT (TRA.NSLUCENT) 'I40-"4It ((i

I~e PC.e .5



_____ _____ _____ _____ _____ _____ _____ _____ ____ Repnr -

AA

0 2

Normnal Str-ess, a tons/saq ft

Test No. 2 i i~ i~ . I
Water content 9v j~~[ ~

4Void ratio e~ --- 55 -1 - --_

Saturation Sa 1 87 AL6 87 "
4JDry density - -

_lb/cu ft ?d 10/ I /0~ 9Q ;L7
~Water content v 51 5
Saturation IS %

10 Consolidati q

Void ratio e

Axial Strain, Water content vf%%

N Void ratio Cr f___

Shear Values Major princ i neJI
pp tns/e ft 1 9. 352 5.40 { _

stress, tons/ag ft -3 0.5 1 3 0 0
tnTime to failure, min 24 123 2 3 2-

C *....&...tons/sq ft Initial dismeter, Cw in 1. .4. 1 1 1

Initial height, Ho wl .3.0 3.0 1 3 0 30

Type Test
Method of Saturation Z]Controlled '6trens Controlled Sti-sin

Type of specimen Ri~n'. L( Rate of atr.ain 0.2 n.mi

Clasifc~ton SAND, C~czjeq (SC)________

31 IPL 1

bav on may- devia for 5xtes tc __________________________

ho loW 15 -,Siff Area '3lTrOW Miter"I______

Depth -- ie~ w3
1-0- a33 Date JUL

_______________________ TRIAXIAL COMPRESSIOQN TEST REPORT
2H OM POS VflS 101TtORS ARE 8OIII VA7 $IOSOIE (1!AMSLUC~r4T. 0 3 42 6 4z~



4=4
6t 7

-43

5

No14i Stre-- a, Ia f t
Tet+.0 __ _ _ _

Lo/c .7- 4-Hd /17 /2 1/5 //6tM -:

1~-:!water content __ __0__ _0__1___0/

sSaturation Sc 65___ %_6____6

lbuTs ft ____

4: trin % ' Water content ____ ___

Sher tregt Paraeta, Void ratio e

*~~~~~~~~ ure , T/ sq f t __ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _

Axial devinatr conten ____ 52 13 /7

t4 -. 3! C stressa T/ c PA~ 0.50 _____ __0 6__0

c -Z 02 .... T/sq :r Time to failure, mm t 3 4 6 4
Rate of strain,0.04 .3.4

Method of saturation _ ___ percn/i 1__6_____3 .

-- Ul t deviatort
-t ress t____El Controlled stress Inii~ils. diameter, in. Do 1.4 14 14 1.4

Controlled strain 1 nta egt n ~ 0j30 3 .

Type of test Typ of specimen Remolded
Classification SA,o .S/// v (8k!)

Ll- PLAL/P Pi A/P a.? ? 267
~~a r k s - P ro ject D ~ '

____ ____ ____ ____ ____ ____ ___ rea BOTrOW M aterial -

____________________ Boring No. SP46 Sa1 e Ho. -~ 4 8
_____ ____ _____ ____ ~Vth c'c'-8~'Date Ot i

TRI.AXL&.L CO).U'1SI~lt TEST REPORT

EKG Fo*M 2089 (1-M 1)10-2.1902) PQIVIOUS (01TIONS ARC OLVI7~u.N~i

TRANSLUCENT 14



,J it - ' I

- . , ,_L.

......... ... : : : : ....

-I-

-t- t4 t

0. t it"

t Lt f 5

-4:: t - odrti f8

* ~~ .49 * . 49 ~i7 2 1 .

S atrto S 0 5S 5 56 5

" rlreslb/cu ftd , T/. ft

.. .. ]W ater content ;wc  % %
. .... ..... .. Void ratio ec

. ..... .. : S. Saturation Sc  % 5 -
0 5 10 15 20 1/. Fin11. back prs-'

M sure, T/sq rt' uOAxial Strain, Water content Vf _ _

"ar Stre.ngt .Prameters C. Void ratio ef

0 .5 o 1 Minor prcopal r 3

st~ress, T sq ft 0..S j.& 3.0 6.0
Max deviator .

tan * = , stress, T/sq ft~O 1 .(7 3 ).. /.7, +81 8.4 15.89

C = .T/aq f% Time tu failure min I tf 6 5 9 11
Rate of strain,

Method of saturation percent/ml_ 0. 0.6 0.7 (0.6

t-lt deviator

stress. T lsq ftl 3 ult-_____
-- Controlled stress Initial diameter, in. DO  1.4 1. I.* 1.4

Controlled strain Initial height, In. H. 3.0 3, 0 3.0 3.0

Type of test Q Type of specimen Remnided
Clusi1ication SANDL-L NP FL N P P1 NP G 6o .7

Rema rk s froj eA . / ,'X S 'D ,4 / m

Area Borrow Matefi

Boring No. TP-488 Sample No./--"---
Depth 0.0-8.0 Date UC.

TPAXTAL COMPRESSION TEST REPORT

I~ we oRtm (o.4),,,, . 2089 (M 1.110.2.1902) "R" fI. S o, - OAS" o ?(oPiate No,
TRANSLUCENT



_ _ A.+ -- --

---- .-- - .- .. ... . .....

I LA17

14 I

-o ~ L.J.. J.

I L1 /0 15/ -20 *2

: :4 Normal Street, a, T/isq ft

-- Water content Vo 1t.5 % ZS /*:-1-26% 12.5%
Void ratio eo .418 .420 .42.9 .420

H-4 I 4 11 Saturation so s0o 80$ 80%1 80
ILfliiilb/cu ft~ Yd 118.+ 1181- -179 -1.

*: i Weter content w % % %

U 7 ~ Void ratio _______

Axial Strain, 5 Water cnet V

Shea~r Stren;t~i Parapterp FVodrai
* o ~~R1nOrprqiiPai0 . IS .

?-,90stressTs ft [L3 ff.___ ___ 6.0

tan* 4 stress, T/sq ftl ' 13 ma +Ji7 5-0,5 3.33 /2/5
c 1P .. L....T/sq ft Time to failure, min Itf /0- 21 19 23

Rate of s train, 0.
1etod, of saturation percent/min 0.___ S __07_ 0._0._

silt deviator I(a )
-- st~~~ress, T/sq ft Iar-0 i ult ________ ___ _El Controlled stress Initial diameter, in. jD 0 1 /.4 1 1.4 1.4 1.4

Controlled strain Initial height, in. Ho~ J.0 3.0 3.0 3.0
Type of test Type of specimen Rernolded
Classification CAYsn L. Coi'/aof /ni,Wsu */o fractans of Swo SiOiPII1

LL Z5 PL /P P13 G A76 9
Rtkm 4 p- jpii~/y~ rjc DI- s DAm

Depth Z /.Dte-- OCT
TTAXIL CO)M'1MI0N TEST RKPORT

20"? (EM 1110-2-J902) tAO1(1-

'TRANSLUCENT NO~ NO./3



- - - ~~SWD%1, ReparP9S

b ~ I1 4  Riifto SO t-53 1 15 4 15 LL.2

___ __ __ _ //2. /. 9 2/0 /1.

- t :i.::~Water content w_ 9. 9. 9.7__

SerSrntPrte8 Void ratioe. .8 .4 7.9

41es 7dqf 112 3 9 O_ 13 30 11.0
:T:ax deWatr cotet -a

ILLbo of, saturation - - Rt o taO,06 0

ure. T sq ft 1 UOt_ _ _ _

Contrlle Strain ~ a egt n ________ g
Typeof ent~ Tpe f Watie r ceontent W

IL ~5PL 1 FI 3 ______

Remrk ~~ric~p ~ WOOFse Projec a A
,stess Txse ca- ft 3__ __ ___ __1__ __IF,__ __ 0__ 6__ _

devido, ~ ~ Ra d/cses /o ea ~
be/ow stress T/sqhs Baring a~ ~cT.5 p45 72 S~10 o 34 1b565

Meho ofpt sauato 0. .

-stress, COZSESISf fST 3, ult
Co tr l-e st e s I itaOi m te , i .DR1M1 41
Contro9l(eM s11ra.in 2 Initial$ beifIOMI in. OI O? so



___________SWDGLe a~

ti '

-~~~~ -rr~rm.
- - --.--- . r ..

....... ................. i
4 

.. 

.
4, ii. : i ..... .

4 Normal Stress, ~,T/sq ft

:: :~, h Test No.

Water content wo /F. 6 I.'4 724 /25
Void ratio 0 .4.91 .493 .47 .498
Saturation so 6 6 'E 6 6

i ...... 
Dry desty,

. ".r t, 7 d 1126 1/2.5- 112.9 1/2,1
Water content wc _ _

L. : Void ratio iec

.'. : ! i ' l ; : .. S a t u r a t i o n S, 5

0 5- 10 15 20 , Final back pres-
m sure.,_q_ ft ____ ____ ___

A al Strain, 5 '" Water cotent 
_

Shear Streng tb Parameters r.. Void ratio) .04-oMinor prqi i&
4 -?4 0 stres, Taq 0 3 .S /.S 3.0 6.0

t~i 37 2 Max deviator I.ta .32- stress, Tlsq t.( Z'j3)max -7/0 4.81 E. 9O 8.97

c 9 .... T/ sq f't Time to failure, min I t /4 //
Rate of strain,

Xethod of -aturatJon cen_/_ _ _).6 10. 6 0.6 _0 9

Ult deviator tl( . 3)ult

Cstres, Ttress

Controlled Ftress Initial diazmter, in. D0  1.4 - .1 1.4- 1.4
[m Controlled stran Initial height, in. 3. .0 . .0

Type of test Q o imen ReMoldeu
Co-~powte of mlnus No. 10 rocions of WD UmIp #

Cls.,ifit:ation CLAYzSand_CCL) L 
1-y CC m.f -/N 4" -IF? -of

IL 25 I'll 12 PT19

Remarks d~..Project Darttxs OAAm

pre hgre& ot M7axLnaz. -________________

~ r~,.Boring No.'TP-4 9ITP-4193 Sample No.0 85,!-
Depth Date_____________.__ 2.0o-10.1i Dt OCT 66

TRIAXIAL CO SION TEST REPORT

fNC FORM 110 r r 01 r OHS ARE OBSOL C'



__6 L 7 -Fi

sii+
$ 7

Nor~1 Sres, a T/q f

7 10_

F aen~ otn 0 1.6%/.%/ %/5
Voi r-i -~ .4- -& -8 -9

Satuatio S~ 6% a% 66 85F
7 d ~ ~ ~ ~~7 1/. 12W7304

7 Water =otent w 57. 5s-:
Void ~ ratio o.8 +8--- 6 -f9

It 5+ 10 1 19__

Aza~tan% ~IWater content 5 % 5 %

Shear Strngt _ar-, r _Void ratio e

stea 5/qf 10 15 0.0 0. k. 6.0

-. ~~A-a Rateof san . . . .
)4et ~ ~ ~ ~~Wte ofnen Fgtzaiq -%-pret/m___

Max deviator (oo)
tan # --0194 sreis, T/e ft (a-3),lt 1.68__ 2.01_.62_

cLi 07trlJe Tstres Timeti al iaee,win .. 1)0 24 z1 1.43 1.4

ElControlled strain Initial hdeigte, in. Do 31 4 90 30 ..

T'ype of tej Type of apecizen Rprnold,-j

Classification C LA Y, s vdy Ccl-) Coa psiA! of minus No.-io fruo4;oms of 3~W.SaJ'pIC%

aL jS PLPI 13 Ge 20.69

IRe-Awks d&4Q,- P ?roect ~~ A

/Sl gCJ5 ik Boring NVo.TP-49I/rF49 Sample No. M-18,5 64C

TRIAXIAL CO1MSION TET RM0Rl

OR 2089 (EM 1110-2-1902) P"(VIOUS [01IJI-IS P- 06%04.![Tt
TR1 NoLV4;-
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COMPACTED MATERIALS

SECTION 2. R TRIAXIAL TESTS
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I~ T IAE IOTN
AL z2 ILA IL. III__a_1

>OI RAIwut
S0UATO L$

DRY ~ 1 DEIfY

WATER CONTET. ~ ~ ~ z .~
VODRAI

.1 ~ SATURATION$

Dil ENSITYO

tsI [1T. IOID 1ATIO

t OI STRATION AtASVl~

b I1R VAUVMJR RNI~

ST RESS toN S /s r0 FT

7-1 VOID6 IO R N ATO 3
0A .70 TIM TO 4ALUE M3N 4, 445 .44

METHO OF ATURTIONR.4.h iS f c Qi COATOLD StRS COTOL)TRI

STRESSON~ (OS5 -7A-I.L

_______________________MINO ___P_________ 1________ _________________________________:

STRESS,~~~(6 WISS / - -2
TAN_____._S6 ________TOINGt MNO SAP5 NO, 460

MEHO Of SAT VIURATON 4.lO nt gu e L3 OTROLE STRESSU ENT CONteE STRAI
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SW~GL ReP t46 7

0
_______01

0 S X0 7.O X /0.0 /Z. 5, o ,?.5
NORMAL. STRESS. aTONS/SQ FT'

TEST NO (2) )

WATER CONTENT oia ~2 .~L.
YV0l RATIO 0 .. 04

SATURATIONSa

1, /0 Day DENSITY
ItCU FT d //,I 11 Z. JZ 7
WATER CONTENT c

a SATURATION S

:1 CLO CONSOLIDAT ION
-6PRESS . TONS/SO FT 6.055

VOID RATIO 1.49?, .4ZZ 47
AXIALSTRAN, %WATER CONTENT

AXIAL STRAIN, z /3.7%.___7A
VOID RATIO A .44

SHEARt YALUES MAJOR PRINCIPALSTRESS, TONS/SO FTY z,~... .L~ J:~
., . MINOR PRINCIPAL

TAN.~~~: STRESS, TONS/SOF n ~~
TA N . iO S S O F TIM E TO A ft U RR M IN 46

TON/$ rt INITIAL. DIAMETER *WIW. 141.

iNmAL HEiGJ47 N0 I*r -4. 10-.

TYP TEST R

MET14O0 Of SATIIEATIN B~c Ar~sr Q CONTROLLED~ ShRESS - CONTROLLED STRAIN

TYPE 0' SPECIMEN Remolded RATE Of STRAIN IN,. /MINt~
CLSSIFICATIO

REMARKS 4,1W Zf -, j ROJECT s J~j de 07 A/rifz____________________________

a- -. 2-0 DATE Nov 6

f _____________________ TRIAXIAL COMPRESSION TEST REPORT
ENO FORM 2089 tooPIR!.OEE TASUCN~ f 194400P14."t

I MAI' 63 At0SU1 TASUET

Mlate No.
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I T5

I-A-

0 J.5~%0 75 /00 /A6- /60 Z
NORMAL STRESS, I TONS/SQ FT

22TEST NO Q-

AO ------ WATER CONTENT . % /Z* % -//f -4

- VOID RATIO

SAluRAniON

DAY DENSITY
tI/CU1 Fd /10.8 i//I ,o3

'cWATER CONTENT W 64%/9 J

* SATURATION S c 0 0 6

CONSOUDAIION C/0./0./0
P RESS , TONS/511 IT 1.0 15 .5 ____

0 /0VOID RATIO c + $.9 & .520z .4.9Z __

AXIALSTRAN. %WATER CONTENT

cc VOID RAIIO (A# ra;f,;rs) f .96 6 .492
SHEAR VALUES MAJOR nINCIIIAL 1ifo

STRESS TONS,SO " -T .8.70 /45(77
i. * ~~~~MINOR PINCIPAL1 5 1/ 6.5___

TAN -.4idQ 0-IME TO fAIURE. MIN 4/5 00 3 .36 0
1., 0,.7, .ONS/SO FT INITIAL OFANETE) CA IN 1.4 14 1{ 4 -

fIITIALIGHT,~i~ No, OA IN40 ..

TYKl TEST- I
METHOD Of SATU/RATION X~ Q CONIROtIEO STRESS ( CONTROLLED STRAIN

TypE Of Sv*CIMEN Remolded RATE Of STRAIN 40.00/ IN /M&4

CLASSIFICATION CL1AY, Bond)' (eL-I4)

AtMARKS f / f9-,/

______________________________AREA rWMf'I

__________________ BORING NO oSAMPLE NO 9/49

DEPTH IV 6
__ _ __ _ __%_ _ 0. O0 .. 0 DATE 6

_______________________ TRIAXIAL COMPRESSION TEST REPORT
ENG FOM 9 RvoswToSARO2f.(RNI.iL7)7

I MA 6 R 209, mousEDIIONSARE02S~en, TRASUICNT)Plate ND.-t .
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Mf

I-

12.S_ _ /O. 17

NOMA SATURATIO TOSS T

WATER CONTENT .1 .L

S SATU*ATION4 s

AXIA ~1AIN,* - WATER CONTENT

00 OSRIATI CA .2
- -RESS TCSS t

AXALSTAIl AT ERT CN 0* W . . .- -

MEINOC OF SATURATION ~ ~ ~ VOIDORTOTDSRES0CNOtWTAN

-, ..5 764 .4
SHER ARUE MAJR JCt Dek e

STRESS_ NOS O NO.e

_____STRESS TRIAXIAL OPE~O 6.S RDORT__
TANOR 08 IETU CTIN 'ARE OOT ILRE MWA'SFCN)4w)I~O-~U

CI MAYqS so PLtt 111M t MI O 14 L 4
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~~ - SWOL RepMt 94'6

0.

o ' o

- z 5

0

0--~ 1- 1 -a % a % 4

NOMA STRESSIO sTN/Q?

L DRYODENSITY
WATER CONTENT a28 1..5.29

t! SATURATION S, /0-/

c CONSO(IDATION
SPRESS. TONS/SQ FT /5 300 405

VOID RATIO I 4~/ .2 .10

AXIAL STRAIN, WATE CONTEN % /% 5~ '

SHEAR VALUES MAkJOR PRINCIPAL

STRESS TONS/,O FT I 5 1/3 /J.20 ____

0 17 Z7 STRISS . TONS/ son 3 1.540 300 605
TAN os T30 IME TO FARINE. MIN 3554 30 3390 ___

c~ 2.J.TONs/so T INITAL DIAMETER. ON IN 14 /.4____

INMIL HE IGHT, H, &A IN ..-o .0 . 0

TYPE TEST
#AETHOCO Of SATUR.ATION aach A-sr 0 CONTROLLED STES 5CONr~thOL STRAIN

TYrP1 Of SPICIMEN Rern3idA RLATE Of STRAIN 00/ IN /A"'

CLASSIPICATION C4 A e 601)

REMARKS W ~ ,=C04 PRJECT 'C

4____ TRIAXIAL COMPRESSION~ TEST REPORT

ENG FORM 20 9-miow fomm).*, iotscoJTe (TRANSLUCENT) .17
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Ik I 1--- I I

0

_____I A_ I-

Alb--

kJ ~ ~ ~ ~ ~ ~ R I CNRALSTESaT'NSSOF

TATE O@4(D

W~tR C~rEN/a41 '6./ % /I690

SSATURATION S, /441 %~/4

WA CONATEON

SATU RATION .17c5f *2
0 T CNOIDAONN

V'OID RATIO 4 4.4 428
SHEAR VALVES MAJOR PRINCIPAL o '

STRESS, TONS/SOn t 1 5140 %42o Az 2
MINOR PRINCIPAL

-6.-.STRSS. TONS ,S f T /70 f0oo (605

TNo .TIME TO FAIIlURE, MIN 22 /0 /

c . 6. TO+4S/SO FT INITIAL DIMEE O ift AW / w / 4

GHT.NI , o, 0 JI jO . 3.0

tytE TEST If'
AAITIHO OF SArU.ArIO & r~ Ahela- R20 CONTROLLED StRESS CONTRtOLLID STRAIN

TYPE OF SPECIMEN Rernoldcd WAE Of STRAIN 0 002Z IN INN

CLASSIFICATION ''Z e.4)

-?40 14 .
REMARKS iv s- PROJECT 171

__________________________ AREA

SORING NO -SAMt NOf./, 66

DEPTH
0.10-30DATE NOV

________________________ TRIAXIAL COMPRESSION TEST REPORT

I M 208 PkREVIUS EDITONS At OIssaETt (TRANSL.UCENT)OT*(75
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__________________WDGL. n j ~ ~ 6

- -

0--

- -- -- - V o

WATTIA IOTN A ~
L. - A- I

VO7L I RATO-FF5~~ ~
SA5ATO 50 75 /0 2 S Z

'z) OR ALSRES a. TO SSO- -

WATER CONTENT 0 1.. J3&%/Z7.

S SATURATION Jll / A
2 DAY~ DENSIT

O CONSOLIDATIONa
PRESS., TONS/SO FT c Z 6 - 300 _____0

0 -1111111L!l VOID RATIO 04 7 J2Z

AXIAL STRAIN,%WTRCNETI Z l- d
VOID RATIO/. ___rl . 1JZ .. , 49

SHEAR VALUES MAJOR PRINCIPAL
STRES. TONS/SO rT 39. 0q 30 z -
MINOR PRINCIPAL

-s 5- STRESS, TONS/SO FT- z t sQ .10
fNZ1-O TIME TO FAILURE, MrN ~~24

VA .C Z *TONS/SO FT INTIAL DIA.MMA, tais) -4Z

Typt TEST oEHDO ATRM dr CONTROLLED STRESS CONTROLLED STRAIN
IM Of OS~fLA T R A ftN pSe RAT OF STRAIN I dMI

CLASSIFICATION 6'LA4Z (CL)

REMARKS_______ PROJECT l crk r D Arv

T = *, / AREA -9 W
T~/' .BORINr, No. & ea SAMPLE NO. M- /Z

J-; EPTH jDATE NOV 8

_______________________ TRIAXIAL COMPRESSION TEST REP9RT
ENO FORM 209EYIU DMONS "R Oaon (TRANSLUCE~NT)CP lw *lg o
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I__ AM7a_~T

Idc

0
W. I5 60 !41. '.- I~

IOMA SIS I, TOSS FT IA

>RYN

0ATUATIO S -.1 /0 ,*0 IZ6 S

-NOMA STRESS. TONS/SO FT-T'_~

AXIL TRIN %WATER CONTENT % %zz± 2I~

VOID RATIO

S TUR TONOF I. -IS .324%. '1 "5 JQ 2.Q
C, DRY TONSSY

MINOR ONEAT

-. 0.3.~ TNS' SO FONIT LIDATION ~

PREPS. TESs f -0 :.Qt 11

AIETHO OV 10TURATIN ,k QCOOLE STES 0 O4TR TRI

AXIRALde trio STRAIN WAE COTN -

RTRESS. TON4I5 Ft a t6 1- tRJCon~ t
*~~~~~~~~~~~~IO PRINCIPAL,,:______________________

7 ~IMA HEMW BORIN NOl. 8A.20 AML NO. 31.0

_______OF ______________________ TRESSA CO PR SS ON TWEST RPOR

rENOf SPECME Reolded PECISd1OARASOTE. OFA~lUI~T STRAINfIf
CLAWCAIO e 
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- - SWDL fo~rt 3 6
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tb/CU FT "d 6~. 16

WATER CONTENT *4~~L~4 .L.
9! SATURATIONS

a I~2. zao~ 0a2. ____

OCONSOLIDATION
PRESS, TONS/SO FT C L~5.

0 /0 _725 30 ~VOID EATIO .,4 .- Z M

AXIAL $TRAIN,- WATER CONTENT /79

VOID RA710 rola 1~ ..,524 1
SHEAR VALUES MAJOR PRINCIPAL

STRESS5. TONS/SO FT *4 j

MINOR PRINCIPAL

TAN .,3 7 . TIME TO FAItURE. )AFN 140 91 10(
C_ J TON4SlSO IT INITIAL DIAMETER. CMA4
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NORM&AL STRESS, a TONS/SQ Ft

L RST NO (D1®
WATER CONTENT % A0/1 0. .2. % 7

VOID RATIO &62

SATURATION S 80 .d2% 79. %7

O %,cu n d /00.6 101.7 /0.e

WAlff CONTENT c 2.. 20.1 /go'90

Vf SATURATION --. 00~ /40 /00
_0 CONSOIDOATION

-s s# ESS .TONSISO 'T c 1.65 2.95 6.140

VOID RATIO__*9 .64 ./ ____

AXIAL STRAIN, AE OTN 217 017 /9.0 %1 7

V0I0 MATIO(At Fa'.I vr* i .5908 .54 */I

SHEAR VALUES 0AjOR PRtINCIPAL 4
STIIESS. TONS!50OFT '2.97_ 0o 0 10.31

- .. L~* INR RICIMSTRESS._ TONS/O so FT 3 1.65 t95 6r.1/0 ____

TAN ~,%= TIME TO FAILURE. MIN 435'4 -/' 44$

0L. tONS/ SO F; INITIAL DIAMEER. *mIN 14 4( /4(

INITIAt KImm. H0, O IN 3

TYPE TEST
UING OF SATUIATION ffjok -. jsr 0 CONTRtOWLD smnESS 6rONtIOLL1O SlRAIN

TYPE 07 sptCIMEN Remvoded ItEl Of S~tAPN 0. 001 IN IMIN

CLASSIFICATION Ld ('t
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(95 44.
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NOftMAL STRESS, a TONS/SQ FT-

TEST NO _ _ _ _ _ -

WATER CONTENT Id,.4 % d.~/.

VOID RATIO 127&~ .4j54

SSATURATION S

AV.DRY DENIIY 'd//0 lz

WATER CONTENT "c 23 *./9. 4 /8-9%?

Z SATURATION Sc /00 % /00 % /4,0 %'.

cCONSOLIDATION . .. 05 .9
P RESS, 7ONS/50OFT __________ .. 9

'4010 RATIO .6G.2 . _ _ _

AXIALSTRAIN, / WATER CONTENT A.3 1 9.4%. /J9- %

VOID RATIO (At Fci.-Iojtr *0 .2 ./
SHEAR VALUES MAJOR PRINCIFAt A'

- -STIESS, TONSi SO FT Jr 268 63 J. 73f
MINOR PtINCIPAL

al STRESS TOf4SSO TT '3 /40 .. 0- 5 90

TAN*~~4 TIME to FAFLJRE. MIN 4340 itJD 33
c ~ T. ONS/ SOFT INITIAL DIAMETER el # 14 14____

INITAL HEIGHT, H,* OA IN .9041 0 .)

TYPE TEST
METHOD Of SATURAtION C Q CONTROLLED STRESS CONTROLLED STRAIN
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0 2.5 /1.51. ~ i'

SoNORMAL STRESS, . TONS/SQ FT

WATER CONTENT6 ____ ___

- volo R~iO - 242% 14.0!

SATURAT ION S .6ZZ.
ADRY DENSITY y

WATR CONTENT -I~.2.~.~ I6.
t! SATURATION Ic SQ Q.a.2 M~ &L

0CONSOIDATION - . 1 a5 5
16 PISS. TCNSISO FT ______

VOID RATIO sc~ .e
AXIAL STRAIN, % WATER CONTENT /7- .L~ JZ6.

-!-g 7 . 477 ___

SHEAR VALUES MAJON ftINCIPALI
STRESS. tONS/SO IT3
MINO* PAINCIPAL I

/64 STRESS. TONS ISO FT 2. .50Z
T AN o TIME 1o fAILURE. AIN-

£TONS/ soFT II4TTIAt OIAMETER, efWIW. t . . 1 Z5 -1 .3

TYPE TEST
METHOD Of SATURAT;ON ]?ack n,flZC/J Q CONTROLLD STRESS CONTROLLED STRAIN
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CIASSIFAfIONgON .1 2
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0 2.5 .. 0 7. /0.0 ,2.;S-_ /-S / 17
'a. Normal stress, a ,tos/sqj-ift

-- Test No./ -

t ~~Water content w 10% ,.~~.J~

3Void ratio e0  *S .6 44 ___

SSaturation So C- ,% % ___

-,FinDry density
_lb/cu ft 'd 1148 //4.//3____

- Water content vc 1i77%3% /73% %

21 Saturation s c o % /Oil % /% ___

0 Conwilidatiq
~s- pres. to2s/sq ft / .SO -300 A.05 __0 I Void ratio ec .75 *3 & ___

4 Water content v~ 77~/3~1.
Axidal Ctrain, % f /7.% 13 1.3

SVoid ratio eff 75' 4~3 L___
Shear Values ?'%Jor principal i

-/ stress, tons/sq ft 3 1,,54 -3.00 6-045r____
tan 0 Time to failure, min _____l

c =02 tons/sq ft Initial diameter, awk 1.4- /.~ + .# ___

Initial height, Rol *wY- -3.0 .3.04 .

Myeo oe Sauato Controlled Stress ~ ]Controlled strain

!Ype of specimen Rerrolded Rlate of strain coolMd91. in./min

Classification

Remarks_____OF___________ [Project 1) tR kS V ~

AI-~5(24 -/ 4~ f- 2 / al-- W44 Area -301f tf ---- -

Boring No. gD , g aple No. M1- SD
DepthI

lb Z4 - /.] te FE B

_______________________ TRIAXIAL COMPRESSION TEST REPORT
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____ -- -~_____SWI)1.kt9469.1£.
-~~ C

4) 755 5 a 2 15 Z

1-4 _ ___ 4-4-_

4,_

AA 11s.tous Notmal /trs0 a 5 6.00/e ft_

SWater content 1.

I Void ratio ef.3 40 .0

H to dns/sity o 1 430 84__ /5
1 lb/ctes, ous ft 1150 219. 61.0

c -~ tns/sq f onitildietr n /4 /4

Axial~ -Stain
nitaioY3'r .30 .0Z .407

Shs Values Major pincipal

cI.p o 1 0peime Roe t niti a date r fstain 14 44. Aomo.~ n/.r

clasif Lcation 5I2 mtznY3 (ML)

LL /7 IPL / ~ ~ ~ 6
Remarks- I4 5 srk C ,rA. d17

/2 'p~~- AeaOrmgw 'Aatetal (5
Boring No. -0(2 -6S smle No. /1-/ 5086 C
Depth

___________________ BE 2.4 - /A. Date CB 8
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1.7Z.J .7 -47:9
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I-

0 /40 20 3o VODAI ;,467 .44,--30 .

SHEAR VAUEAJ)(9 I f'NCoPAI
sf-s .o' 1ct ~4 6) L%~ 7 *3j , 9-

MIPA(JI 09--N(IPAI 
I- - 7L

IAN ~, .2 8TI# f, I0 - UAF ..470

INITIAL W4IGHT__________ Ho_______

An 4$? 
-3..o

OF.APOD OF SATURATION RI.k d- CON1,'OI-Ef $f45 *'CAOLF AI

-PI OF SPICIMEN lAlT 0It SfRl"N,,; )

It' 3/1 3 0 6 268

RF'AI K c a ....~ ..
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- 3/t~s# ~ ORIN(; N.A' .C.6 SADAPjf N~
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S SATURATION

tlI CU FT J I~ L t~4 L~
WATER CONTENT c 2~I~z *

'J I ~~~~SATURATION I.~Qt...i
ziCONSOtIOATIC'N I

ell 20_-_0 1.-, ..- *
AXIAL STRAIN. % Woo ATON, ____

SIIEAR VALUES ~OID TwCIOA -- 52:6MAJOR PRINCIPAL 1STRESS IONS*SOn FT r2 ____

MIN02 "IN I

C 2 TON'so I'T INITIAL DIA.%ETER -C -o*.4.... //- _ _
INITIAt HEICGHT Hc,C4M

TV"CNO~~ STRAIN-B

MEW Of SATURATION 9A CV 10 C V 0 CONTROLLEDOTESqOMOADSRI
T
ypt C' spfCImlN W fSRIRAE F TRIN0. 00/T (A/ 44/AlA L}N lAI"
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t 5AZ2T~ 1 70

I II 1C '17 _ _ _ j j f ~ j

WATT! CONTENT IiL $L&9 JL2.

aU LI L -q. a _
SATUAtION I tX)*! /0s ~

.j /00..o
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VOIDOIAtIO )____ .5- r r..i 6Qc _ _ _

SHEAR YAMES MAiOIF "INCTPAt I
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tA Z2 7 TIM to FA tUI .M IN Z2 9 Z 2 .2 3 __1 1
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2 6 -
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2P T~1

Lit_ _ __ ~t7I.~~'CI~ FT - ~ . .~ I LJ

WATER CONtrTEN

-3 '- 0.7--9-% ._ %'0

VOID RATIO ,

W Kse.II~7;I/e -V
cc_ __ _ a 4-97 .. --

_________Do 'A JO tCI Wltf

STE$$ ON TENTyj _ *S 5

$TP7E:cSATURON Q Sl/ C / >_

PRESS .... 's rOFis /.T Ig ln OTMTR-Q-n,

- 3 0-7- - -3 -

SUM TESTs rRI 3S
METHOD OF SA U~AT~O P~ A ~ P P # MINOR~ M ICONItPAL tE I~- O ~ O LW S P

ST03* .I 
A . IIN/S 

F?'31 s

TANe 1OF TOCII FARUE OMINA,~5 v/i~.
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IL pt [I' T /8 2-G .
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1 4

0 I.

0-.1

UT

464

Normal Stress, a, T/aq ft

___ __p "-i i~ Test No. A. _
___________41 Water content vo~ 12.7 1 2.3- 5___111ti ]-- Vi ai 0  .42/ .408 -. -. 4297____

Dry density, -d -1----

r: ~U r~~ Water content w % 49%/.

f 155 1 4.9 6.z.
S~srSregt~Paamtrs~Void ratio ej. .4/6 401/__ -

1 sure sq ft __- ____1040___

-. Mano deviatr .

tan # -Stress, T/sq ft (":103 )max 467 17/6 6.&t

Ca0.7 T/nq ft Time to failure, min ttf 270 26.0 17
IL ate of strain, p0 00 0

Method of saturation percent/min ___06_ ___0__06______

da-zi led, Ultdeviator 10-

Cotoldsrs sreas. T/aS ft___ _______[II Cotle stritial diameter, In. jDo ZA 141-

Controlled strain niaheht -3. -30

Typ CLAstg yeo specimen 't:~
C4a'pogite of ninos N~o. /0 -fraebis of SwO Sa..joes

CIASif CtionCLAYsatdy (CL)1154 /Et

Renar'ks 0c r117&pd15Ae56 Project DIE213 DANm
4,,-e 6m.5,Cd 0 7 7u, 7

dnlldfJKs7resSeS yl ar be/owv Area M,%rP -'_______1_
(a. W)

'5 gr~,aBoring No. 7P-~49 TP-493 Sample No- H-A/,164-C_

AtDepth 1,0-/1Date
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tiodli e 48 .72*1 __
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4., Water content r /0./ % /7. % i'% I

Shea Strrigt Parmetes ~ Void ratioe .7 42 -4/o" '-- t hor rit ! ...... __ _

str e0./ 5q05 so -.50 9 . 9-

19 araonT so0 .5
ta l * l 1 

3
max _____i_ ____ -- ___

.....- Lt .T/ i Tie.Dry densit, 7d 111.6 /// 43 -__11_

etliod~~Wte oonen wa~to 178___ p/r7.t5% __5___ ______

dei riato e

5 - 10 15 20 "0' , Fi a ac pres- I
[ o d~ts re. T/sq rt 3 1_.9I /_,2_ I_._lS-Axfl Strain, % lWater conten t  wf 18 % /75% s

,hear Strent Paraeters r I Void rattao le .d7te n4-"2 1441- o [Minor prl ipal a

Cono d Max devitor i. 0 0 .. 0ta,., = ,Lstres , T/sq rt 1-'<3),,a .56 Z O S.S

Type -o tsRate of trtain, '

Method of a tration YrCent/min .,0 6 CCe05 o. O
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I /C ntrbl ed stress . r ... Area ..
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C
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44'1

-2~~ + .-

No4l4 tesa /aq ft

Test No.Q

Water content vo 1.25% /.g%- /Z?9%
-. Void ratio e0  4.q9 -91 Soo0

~Saturation So 6- /% 7
Dydensity, S0  6 7% 7

'x~ _ lb/cu ft 7d//- /21/.

1:,~ Water content wc J7.7% /7.0% /6.0%

0 K:: *' ~ Void ratio ec .47 .47 .30 _

1, Saturation SIC /0%, /00%l
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APPENDIX E

COMPACTED MATERIALS

SECT1ON 3. DIRECT SHEAR TESTS
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PLATES



DIERKS DAM AND RESERVOIR
T SALINE RIVER, ARKANSAS

EMBANKMENT CRITERIA AND PERFORMANCE REPORT

APPENDIX H - PLATES

Plate Drawing
No. No. Title

1 1960-C3-2/I.10 General Plan and Sections
2 1960-C3-98/2 Foundation Exploration: Top of Rock Contours -

Flood Plain
3 1960-C3-12/1.5 Embankment Plan and Profile
4 1960-C3-3/1.2 Engineering Measurement Devices: Embankment,

Plan & Sections
5 1960-C3-98/3 Overburden Investigation: Sections AA, BB & CC -

Borings & Test Pits
6 1960-C3-98/4 Overburden Investigation: Sections DD, EE & FF -

Borings & Test Pits

7 1960-C3-98/5 Overburden Investigation: Sections GG & HH -

Borings & Test Pits
8 1960-C3-98/6 Overburden Investigation: Sections II & JJ -

Borings & Test Pits

9 1960-C3-98/7 Overburden Investigation: Sections LL, LM & KK -
kBorings & Test Pits

10 1960-C3-98/8.I Overburden Investigation: Borrow Areas D & E -
Plan & Logs

11 1960-C3-98/9A.i Overburden Investigation: Borrow Area C - Plan &
Logs

12 1960-C3-98/l0 Foundation Exploration: General Geology & Plan
of Exploration

13 1960-C3-98/11 Foundation Exploration: Geologic Sections A-A
thru C-C

14 1960-C3-98/12 Foundation Exploration: Geologic Sections D-D
thru F-F

15 1960-C3-98/13 Foundation Exploration: Geologic Sections G-G
thru M-M

16 1960-C3-98/14 Foundation Exploration: Geologic Sections N-N
thru P-P

17 1960-C3-98/15 Foundation Exploration: Geologic Sections & Rock
Classification

18 Impervious Density Test Flot Profile Along
Dam Axis

19 Density Test Plot Typical Embankment Sections

"A" and "B"
20 Density Test Plot Typical Embankment Sections

'"C" and "DO'
21 Density Test Plot Typical Embankment Section

"E" and Right Embankment Section
22 1960-C3-8/5.4 Diversion & Excavation: Spillway Excavation -

aPlan, Profile & Section



APPENDIX H - PLATES
4- (continued)

Plate Drawing
No. No. Title

23 1960-C3-13/2.5 Engineering Measurement Devices: Embankment
Sections and Details

24 1960-C3-13/3 Engineering Measuring Devices: Outlet Works and
Service Bridge - Plan, Sections and Details

25 1960-C3-22/22.1 Outlet Works - Conduit: Concrete & Reinforcing -

Conduit and Seep Rings - Sections & Details I
26 1960-C3-22/24.1 Outlet Works - Stilling Basin: General Plan,

Excavation & Details
27 1960-C3-8/4.5 Diversion & Excavation: First Stage & Second

Stage Diversion - Plans & Sections

28 1960-C3-12/2.10 Embankment: Typical Sections
29 Io60-DM8-12/5 Main Embankmrntz" Typical Sections
30 1960-DM8-97/10 Right Embankmenit: Upstream Sta. 2+50 - Stability

Analysis - Sudden Drawdown. Cond.
31 1960-Da8-97/11 Right Embankment: Downstream Sta. 5+20 -

Stability Analysis - Steady Seepage Cond.
32 1960--DM8-97/12 Right Embankment: Upstream Sta. 2+50 - Stability

Analysis - Partial Pool Condition
33 1960-DM8-97/13 Right Embankment: Downstream Sta. 5+20 -

Stability Analysis - End of Construction Cond.
34 1960-DM8-97/12 Embankment and Spillway Stability Analysis -

Partial Pool
35 1960-DMB-97/15 Embankment and Spillway Stability Analysis -

Sudden Drawdown
36 1960-DM8-97/16 Embankment and Spillway Stability Analysis -

Steady Seepage
37 1960-DMS-97/17 Embankment and Spillway Stability Analysis - End

of Construction
38 Embankment: Typical Section

39 Part I Foundation Emb. Grouting - Grouting Profile
Sta. 0+00 to 7+00

40 Part I Foundation Emb. Grouting - Grouting Profile

Sta. 7+00 to 14+00
41 Part I Foundation Emb. Grouting - Grouting Profile

Sta. 14+00 to 21+00
42 Part I Foundation Emb. Grouting - Grouting Profile

Sta. 21+00 to 27+00
43 1960-C3-13/4 Engineering Measurement Devices - Conduit -

Sections and Detail
44 7U-C-1., 5 Engineering Mensurement Devices - Embankment -

Terminal Cabinet - Sections, Elevation aid
Details

45 1960-DM8-97/i 'Materials Usage Chart - Contract
46 1960-DM8-97/18 Dmbankment and Spillway Materials Usage Chart -

August 1972

*
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